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I N T R O D U C T I O N  
The space program a t  UCLA i s  designed t o  accommodate 
v a r i o u s  g r a d u a t e - l e v e l  research a c t i v i t i e s  r e l a t i n g  t o  
space, s t i m u l a t e  new space-o r ien ted  research,  and p r o v i d e  
t h e  framework i n  which f a c u l t y ,  s t a f f ,  and s tuden ts  may 
under take i n t e r d i s c i p l  i na ry  work r e l a t e d  t o  space research .  
Spec ia l  o b j e c t i v e s  a re :  
( 1 )  To o f f e r  and suppor t  courses o f  i n s t r u c t i o n  which, 
by s p e c i a l i z a t i o n  i n  space- re la ted  s u b j e c t s ,  
t r a i n  s tuden ts  t o  p a r t i c i p a t e  i n  t h e  space 
e f f o r t ;  
( 2 )  To suppor t  research, f r e q u e n t l y  o f  an i n t e r -  
d i s c i p l i n a r y  na tu re ,  which i s  d i r e c t l y  i n s p i r e d  
by o r  c o n t r i b u t o r y  t o  t h e  needs o f  t h e  space 
program ; 
( 3 )  To a s s i s t  o t h e r  u n i v e r s i t y  departments and 
research  u n i t s  i n  t h e i r  own programs as  r e -  
l a t e d  i n d i r e c t l y  t o  t h e  space program; 
( 4 )  To c o l l a b o r a t e  w i t h  NASA,  o t h e r  government 
agencies,  and i n d u s t r y  i n  space research and 
e d u c a t i o n .  
Th is  r e p o r t  i nc ludes  summaries o f  space - re la ted  
research  a c t  i v i  t i es  f o r  the  p e r i o d  end ing  December 3 1 ,  
1966. D e t a i l e d  progress  r e p o r t s  on each p r o j e c t  have 
been submi t ted  t o  NASA and can be o b t a i n e d  from t h e  
p r  i nc i p a i  i n v e s t  i g a t o r s  i r i d  Ved. 
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SPACE S C I E N C E  BUILDING 
NsG F-10 
The new space sc ience b u i l d i n g ,  S l i c h t e r  H a l l ,  
completed and f i r s t  occupied i n  January 1966, now houses 
over  150 f a c u l t y  members; p r o f e s s i o n a l  researchers ;  
s tuden ts ;  and t e c h n i c a l ,  c l e r i c a l ,  and a d m i n i s t r a t i v e  
personnel  work ing  on t h e  f o l l o w i n g  space-or ien ted  research  
programs: 
F i n i t e  amp l i t ude  convec t ion  
P r o p e r t i e s  of t h e  s o l a r  w ind  
I r o n  m e t e o r i t e  s t u d i e s  
Geochemical s t u d i e s  
Propagat i on  o f  rocke t -eng ine  d i s tu rbances  
Atmospher ic phys i cs  and o r b i t a l  mechanics 
S p i n - o r b i t  c o u p l i n g  i n  t h e  s o l a r  system 
Geodet ic  s a t e l l i t e s  
P a r t i c l e s  i n  space 
F e a s i b i l i t y  s t u d i e s  o f  coo rd ina ted  r a d i a t i o n  
exper iments from e a r t h - o r i e n t e d  m e t e o r o l o g i c a l  
sa te1  1 i t e s  
Measurement o f  p o l a r i z a t i o n  o f  r a d i a t i o n  emerging 
f r o m  t h e  t o p  o f  t h e  atmosphere 
Mar ine r  I V  da ta  r e d u c t i o n  and a n a l y s i s  
C y c l i n g  o f  e lements i n  n a t u r e  
A n a l y s i s  o f  geodet ic  s a t e l l i t e  t r a c k i n g  da ta  
L u n s r  o r b i t e r  se!ennde.sy s t u d i e s  
OGO-E, O G O - F ,  and A T  s a t e l l i t e s  
P l a n e t a r y  i n t e r i o r s  
Precess ing  f l o w s  i n  r o t a t i n g  sphero ids  
Space b i o l o g y  l a b o r a t o r i e s  ( e l e c t r o o p t i c a l ,  neuro- 
chemical ,  b i o i n s t r u m e n t a t i o n ,  da ta  a n a l y s i s ,  
p h y s i o l o g i c a l  and b e h a v i o r a l )  
P h y s i o l o g i c a l  concomi tants  o f  s t r e s s  
E l e c t r o p h y s i o l o g i c a l  s t u d i e s  
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D u r i n g  t h e  p a s t  n i n e  months, S l i c h t e r  H a l l ,  which 
c o n t a i n s  30 l a r g e  l a b o r a t o r i e s  and 60 o f f i c e s ,  has be- 
come t h e  t h r i v i n g  c e n t e r  o f  a vas t  network o f  space- 
r e l a t e d  research a c t i v i t i e s  on t h e  UCLA campus. R e c i p i e n t s  
o f  advanced degrees i n  t h e  p h y s i c a l  sc iences and eng ineer -  
i n g  (1420 Masters and 384 Doctora tes  i n  t h e  l a s t  f i v e  
y e a r s ) ,  new graduate s tudents ,  and new f a c u l t y  and research  
appointments w i l l  augment the  e x i s t i n g  s t a f f .  
NASA PREDOCTORAL T R A I N I N G  GRANT 
NsG ( T )  4-62 
Dur ing  t h e  academic year 1966-67, 45 graduate s tuden ts  
a r e  r e c i p i e n t s  o f  NASA p r e d o c t o r a l  t r a i n e e s h i p s .  O f  t h a t  
number, 15 were awarded t r a i n e e s h i p s  which b e g a n ’ w i t h  t h e  
fs11 q u a r t e r ,  1966, f o r  a p e r i o d  up t o  t h r e e  years .  These 
t r a i n e e s  and t h e i r  f i e l d s  o f  s p e c i a l i z a t i o n  a re :  
A l k a i t i s ,  S.A. ,  p h y s i c a l  and nuc lea r  chemis t r y  
Asplund, K.K.,  dynamics o f  ecology 
Baker, C . V . ,  e l ec t romagne t i c  theo ry  
Booth, N . O . ,  exper imenta l  plasma phys i cs  
Brown, G.H., t h e o r e t i c a l  p h y s i c s  
Haugh, M.J., p h y s i c a l  chemis t r y  
Hedr ich ,  C.L., J r . ,  t h e o r e t i c a l  plasma phys i cs  
K i n d e l ,  J .M., plasma p h y s i c s  
Osgood, W.R., b a l l i s t i c  m i s s i l e s  
Payton, P .  H., p h y s i c a l  chemis t ry  
Russa k , I . B . , mat hemat i ca 1 s t a t  i s t i cs  
Smith, R.C. ,  seismology 
Stoops, E .F., astrodynamics 
Vanyo, J . P . ,  a s t r o p h y s i c s  
Welkowsky, M . S . ,  s o l i d  s t a t e  phys i cs  
The f o l l o w i n g  t r a i n e e s  completed d o c t o r a l  degrees by 
t h e  end o f  t h e  f a l l  q u a r t e r ,  1966: Samuel S .  F i s h e r ,  
Bernard J. Hami l ton ,  Fred M i l s t e i n ,  0. Kenneth Moe, Warren 
P .  P o r t e r ,  and A l l e n  P.  Wang. 
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D i s s e r t a t i o n  t i t l e s  a re  as f o l l o w s :  
" T r a n s l a t i o n a l  Re laxa t i on  i n  Free J e t s , "  S .  F i s h e r ;  
"An I n v e s t i g a t i o n  o f  t h e  E f f e c t s  o f  Job Design 
on Output and P h y s i o l o g i c a l  Costs f o r  a Strenuous Task," 
B.  Hami l t on ;  
Magnet ic  Phase T r a n s i t i o n s  i n  Gd-Dy A l l o y s , "  F .  M i l s t e i n ;  
Decay o f  E x p l o r e r  V I , "  K .  Moe; 
Ve r teb ra tes  w i t h  Emphasis on Deser t  R e p t i l e s , "  W.Por ter ;  
"The I n f l u e n c e  o f  H y d r o s t a t i c  Pressure Upon t h e  
"Atmospheric D e n s i t i e s  Determined f r o m  t h e  Sp in  
"Solar  R a d i a t i o n  Through t h e  Body Wa l l s  o f  L i v i n g  
" S c a t t e r i n g  Processes," A .  Wang. 
P H Y S I C A L  S C I E N C E S  
THEORETICAL I N V E S T I G A T I O N  OF THE C O N S T I T U T I O N  
OF THE MOON AND PLANETS 
NsG 216-62 
A n a l v s i s  o f  Lunar S a t e l l i t e  O r b i t s  
W .  M. Kaula 
The s e l e n o d e t i c  use of  a r t i f i c i a l  l u n a r  s a t e l l i t e s  
e n t a i l s  a dynamical problem, because t h e  g r e a t e r  mag- 
n i t u d e s  and longer  p e r i o d s  o f  d i s t u r b i n g  a c c e l e r a t i o n s  
l ead  t o  more s i g n i f i c a n t  n o n l i n e a r i t i e s  and e n t a i l s  
s t a t i s t i c a l  problems, because t r a c k i n g  from t h e  e a r t h  
coupled w i t h  t h e  v a r i e t y  of terms i n  t h e  l una r  g r a v i -  
t a t i o n a l  f i e l d  hav ing  s i m i l a r  e f f e c t s  leads t o  am- 
b i g u i t i e s  and i l l - c o n d i t i o n i n g .  
i n  which a von-Zeipel  t r a n s f o r m a t i o n  i s  a p p l i e d  t o  
remove s h o r t  p e r i o d  e f f e c t s  t o  o b t a i n  a n o n l i n e a r  
i n t e r m e d i a t e  o r b i t  which can be i n t e g r a t e d  n u m e r i c a l l y  
w i t h  r e l a t i v e l y  l ong  t ime  s teps .  
The s t a t i s t i c a l  problem was i n v e s t i g a t e d  by 
a n a l y z i n g  h y p o t h e t i c a l  t r a c k i n g  da ta  i n c o r p o r a t i n g  t h e  
a n t i c i p a t e d  c h a r a c t e r i s t i c s  o f  t h e  l u n a r  g r a v i t a t i o n a l  
f i e l d ,  as w e l l  as i ns t rumen ta l  e r r o r  ana ionospher i c  
r e f r a c t i o n .  Regardless o f  t r a c k i n g  accuracy,  i t  appears 
t h a t  a s a t e l l i t e  o f  h i g h  i n c l i n a t i o n  w i l l  be more v a l -  
uab le  than a s a t e l l i t e  o f  low i n c l i n a t i o n  and t h a t  t h e  
bes t  s o l u t i o n  i s  o b t a i n e d  by combining t h e  two. 
A s o l u t i o n  has been made f o r  t h e  dynamical problem 
Sp in  O r b i t  Coup l ing  i n  t h e  So la r  System 
P .  Gold re i ch ,  S .  Peale 
The c l a s s  o f  p l a n e t a r y  s p i n  angu lar  v e l o c i t i e s  
which a r e  commensurate w i t h  the  p l a n e t ' s  synod ic  p e r i o d  
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w i t h  respec t  t o  a second p l a n e t  i s  shown t o  be more 
s t a b l e  as a consequence of  t h e  s o l a r  t o rque  on t h e  
permanent deformat ion o f  t h i s  p l a n e t  f r o m  a x i a l  sym- 
m e t r y .  The s i t u a t i o n  i s  analogous t o  t h e  s t a b i l i z a -  
t i o n  o f  an i n v e r t e d  pendulum by o s c i l l a t i n g  t h e  base 
a t  a frequency which i s  no t  a harmonic o f  t h e  n a t u r a l  
frequency o f  t h e  pendulum. Thais. r e s u l t  reduces t h e  
va lue  of (B-A)/C necessary t o  s t a b i l i z e  Venus's s p i n  
a t  t h e  243.16 day commensurabi l i ty  w i t h  respec t  t o  t h e  
e a r t h  by a f a c t o r  o f  t h r e e  below t h a t  which i s  neces- 
sary  w i t h o u t  t h e  s o l a r  t o rque  (see G o l d r e i c h  and Peale,  
Nature ,  - 209, 1117-1118, March 12,  1966).  However, 
t h e  necessary permanent de format ion  o f  Venus for  t h i s  
s t a b i l i t y  s t i l l  seems excess ive  i n  v i e w o f t h e  r e s u l t -  
i n g  i n t e r n a l  s t r e s s e s .  I n  a d d i t i o n ,  t h e r e  i s  n e g l i g i b l e  
p r o b a b i l i t y  o f  cap tu re  o f  Venus i n t o  t h i s  s t a t e  un less  
one invokes ad hoc assumptions about t h e  atmospher ic  
to rques .  
A f o u r t h  t i d a l  model was used i n  t h e  a n a l y s i s  o f  
t h e  s p i n  commensurab i l i t ies  of  a p l a n e t  w i t h  respec t  
t o  i t s  own o r b i t .  I n  t h i s  case, t h e  t i d e s  a r e  F o u r i e r  
analyzed i n t o  separa te  components, and a cons tan t  phase 
l a g  for  each component i s  assumed t o  account f o r  t h e  
d i s s i p a t i o n .  For Mercury t h i s  t i d e  y i e l d s  a very  l a r g e  
c a p t u r e  p r o b a b i l i t y  f o r  t he  s t a b l e  s p i n  angu iar  v e i o c i t y  
which i s  3 / 2  t imes i t s  o r b i t a l  angu lar  v e l o c i t y .  How- 
eve r ,  u n l i k e  t h e  cases p r e v i o u s l y  t r e a t e d ,  t h i s  c a p t u r e  
p robab i  1 i t y  i s  independent o f  (B-A) / C ,  such t h a t  Mercury I s  
occupancy o f  t h e  3 /2  sp in  s t a t e  p u t s  no l i m i t s  on 
(B-A)/C o t h e r  than t h e  much sma l le r  l i m i t  r e q u i r e d  fo r  
s t a b i l i t y .  Another c o n t r a s t  between t h i s  t i d e  and those 
p r e v i o u s l y  t r e a t e d  i s  t h a t  t h e  asympto t i c  s p i n  s t a t e  f o r  
Mercury would be t h e  synchronous one, which would r e s u l t  
i f  Mercury had escaped a1 1 h i g h e r  o r d e r  resonances. 
P l a n e t s  and sate1 1 i t e s  whose s p i n  angu lar  v e l o c i t y  
v e c t o r s  a r e  n o t  p a r a l l e l  t o  t h e i r  o r b i t a l  angu lar  
-
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v e c t o r s  a r e  p r e s e n t l y  under s tudy .  An e n t i r e  new s e r i e s  
o f  resonant .  s p i n  s t a t e s  e x i s t .  These s t a t e s  can be 
s t a b l e  even f o r  c i r c u l a r  o r b i t s  i f  t h e  non-zero 
o b l i q u i t y  i s  ma in ta ined .  The s t a b i l i t y  i n  t h e  c i r c u l a r  
o r b i t  case d e r i v e s  from a minimum i n  t h e  average p o t e n t i a l  
energy when t h e  longes t  dynamical a x i s  o f  t h e  secondary 
body p o i n t s  toward t h e  pr imary  whenever t h e  p r imary  i s  
a t  t h e  node o f  i t s  o r b i t  on t h e  secondary equator  p l a n e .  
Torques on a s a t e l l i t e ' s  permanent de format ion  can 
d r i v e  t h e  a x i s  o f  r o t a t i o n  o f f  t h e  p r i n c i p a l  a x i s  as 
t h e  s a t e l l i t e  approaches resonance near 2n and a f f o r d s  
s t a b i l i t y  i n  a c i r c u l a r  o r b i t  f o r  t h i s  resonance, which 
i s  uns tab le  f o r  p r i n c i p a l  a x i s  r o t a t i o n .  A s a t e l l i t e  
o f  Uranus may be i n  t h e  2n resonance f o r  c i r c u l a r  
o r b i t s  w i t h  a s t a b l e  non-zero o b l i q u i t y .  
Spec t ra  o f  Ocean Water Temperatures 
W .  Lee 
Recent da ta  f rom fou r  ocean ic  s t a t i o n s  i n  t h e  
n o r t h e a s t e r n  P a c i f i c  permi t  t i m e - s e r i e s  a n a l y s i s  o f  
ocean water  temperature a t  depths ex tend ing  from t h e  
s u r f a c e  t o  t h e  bot tom. A t  t h r e e  o f  t h e  s t a t i o n s ,  12 
y e a r s '  da ta  a tabout  monthly i n t e r v a l s  f rom the  s u r f a c e  
down t o  depths o f  1000 meters a r e  a v a i l a b l e .  A t  t h e  
f o u r t h  s t a t i o n ,  14 days '  da ta  a t  f i v e - m i n u t e  i n t e r v a l s  
a r e  a v a i l a b l e  a t  15  depths,  t h e  lowest  be ing  j u s t  above 
t h e  sea f l o o r .  The computat ion scheme used t o  c a l -  
c u l a t e  t h e  temperature spec t ra  i s  e s p e c i a l l y  adapted 
t o  t h e  t a s k  o f  a n a l y z i n g  t ime  s e r i e s  w i t h  m i s s i n g  d a t a .  
( f rom depths 85 t o  3803 meters )  a r e  dominated by a semi- 
d i u r n a l  p e r i o d i c i t y .  The r e s u l t s  suggest t h a t  v e r t i c a l  
mo t ions  o f  t h e  sea water  assoc ia ted  w i t h  t h i s  " i n t e r n a l  
t i d e "  a r e  o f  t h e  o rde r  o f  10 meters i n  amp1 i t u d e .  
Shor t  p e r i o d  v a r i a t i o n s  o f  ocean water  temperatures 
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Semidiurnal  temperature f l u c t u a t i o n s  o f  ocean waters  
may a l s o  i n t r o d u c e  some e r r o r s  i n  t h e  measur ing o f  heat 
f l o w  th rough t h e  ocean f l o o r ,  e s p e c i a l l y  i n  rough 
topography. Long p e r i o d  temperature v a r i a t i o n s  a t  
sha l l ow  depths a r e  dominated by t h e  annual p e r i o d i c i t y  
which becomes l e s s  pronounced below a few hundred 
meters .  The r e s u l t s  suggest t h a t  heat  f l o w  measure- 
ments th rough t h e  ocean f l o o r  may be extended t o  s h a l -  
l o w  water (up t o  200 meters i n  d e p t h ) ,  p r o v i d e d  t h a t  
obse rva t i ons  a r e  made below about t h r e e  meters i n  t h e  
sediment.  
O r i g i n  o f  Comets 
W .  M .  Kaula 
A n a l y t i c a l  t h e o r y  and computer c a l c u l a t i o n s  a r e  
be ing  c a r r i e d  o u t  t o  t e s t  t h e  a l t e r n a t i v e  hypotheses 
t h a t  comets were formed by d i s p e r s i o n  from t h e  o u t e r  
p a r t s  o f  a p r i m o r d i a l  s o l a r  nebu la  o r  by a c c r e t i o n  
from i n t e r s t e l l a r  dus t  c louds .  
P A R T I C L E S  AND FIELDS I N  SPACE 
NsG 249-62 
A n a l y s i s  o f  Data f rom Mar ine r  2 Magnetometer 
P .  J. Coleman 
A s t a t i s t i c a l  a n a l y s i s  o f  t h e  records  o b t a i n e d  
w i t h  t h e  Mar ine r  2 magnetometer and plasma probe was 
completed. Var ious p r o p e r t i e s  o f  s imul taneous v a r i a -  
t i o n s  i n  t h e  magnet ic  f i e l d  and t h e  plasma v e l o c i t y  
were e s t a b l  ished.  
D u r i n g  t h e  r e p o r t i n g  p e r i o d ,  e f f o r t s  t o  develop 
a t h e o r e t i c a l  model f o r  t h e  d i f f u s i o n  o f  cosmic rays  
were extended. An at tempt  i s  be ing  made t o  d e r i v e  an 
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a n i s o t r o p i c  d i f f u s i o n  c o e f f i c i e n t  from t h e  observed 
p r o p e r t i e s  o f  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  and t o  
determine t h e  e f f e c t s  o f  such a d i f f u s i v e  medium on 
t h e  behav io r  o f  v a r i o u s  types o f  e n e r g e t i c ,  charged 
p a r t i c l e s .  
Mariner-Venus (1967) Magnetometer Exper iment 
P .  J .  Coleman 
P lann ing  f o r  t h i s  exper iment was i n i t i a t e d  d u r i n g  
t h e  r e p o r t i n g  p e r i o d .  Since w e  a r e  a t t e m p t i n g  t o  use 
a Mar ine r  b t y p e  magnetometer w i t h  t h e  fewest p o s s i b l e  
changes, t h e  p l a n n i n g  t o  date has p r i m a r i l y  concerned 
d a t a  p rocess ing .  
UCLA Sate1 1 i t e  P r o i e c t  
P .  J .  Coleman 
A proposal  was submi t ted  t o  NASA f o r  t h e  des ign  
and development o f  a new e a r t h  s a t e l l i t e  w i t h  which t o  
s tudy  t h e  p r o p e r t i e s  o f  c o l l i s i o n l e s s ,  magnet ized 
plasmas i n  space. I t  i s  in tended t o  observe t h e  prop-  
e r t i e s  o f  such plasmas by s imu l taneous ly  measur ing, 
w i t h  a p p r o p r i a t e  t i m e  r e s o l u t i o n ,  as zany  as nn==ih!e r--- 
o f  t h e  v a r i a b l e s  necessary t o  d e s c r i b e  t h e  s t a t e  o f  t h e  
plasma. The observab les  a r e  t h e  e l e c t r i c  and magnet ic  
f i e l d s  and t h e  d i r e c t i o n a l  s p e c t r a l  i n t e n s i t y  o f  each 
species o f  charged p a r t i c l e s .  There fore ,  i t  i s  p lanned 
t o  equ ip  t h i s  s a t e l l i t e  w i t h  plasma probes, e n e r g e t i c  
p a r t i c l e  d e t e c t o r s ,  e l e c t r i c  f i e l d  meters,  and mag- 
netometers.  
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E l e c t r o n  Spectrometer for OGO-E 
T .  A .  F a r l e y  
The UCLA OGO-E exper iment i s  a j o i n t  p a r t i c l e -  
f i e l d  exper iment  i n v o l v i n g  s i x  r a d i a t i o n  d e t e c t o r s  and 
a magnetometer. A f i x e d - p r i c e  c o n t r a c t  f o r  f a b r i c a t i o n  
o f  p r o t o t y p e  and two f l i g h t  u n i t s  o f  t h e  p a r t i c l e  i n s t r u -  
ment was awarded t o  TRW Systems, I n c .  
immediately f o l l o w i n g  checkout of t h e  cor respond ing  
p r o t o t y p e  modules. 
A rev iew o f  low-energy p r o t o n  i n t e n s i t i e s  i n  t h e  
o u t e r  r a d i a t i o n  zone has been made i n  o r d e r  t o  e v a l u a t e  
t h e  c o n t r i b u t i o n  t h a t  these p a r t i c l e s  w i l l  make t o  ou r  
ins t rument ,  which i s  supposed t o  d e t e c t  o n l y  e l e c t r o n s .  
C o n s t r u c t i o n  o f  f l i g h t  u n i t  modules was i n i t i a t e d  
E l e c t r o n  Spectrometer f o r  OGO-F 
T .  A .  F a r l e y  
T h i s  p r o j e c t  i nvo l ves  t h e  p r o t o t y p e  and two f l  i g h t  
u n i t s ,  t h e  ins t rument  be ing very  s i m i l a r  i n  p r i n c i p l e  
t o  t h e  OGO-E i ns t rumen t .  Many changes n d e t a i l  have 
been made; u n l i k e  O G O - E ,  t he  O G O - F  w i l l  have one d e t e c t o r  
w i i i ~  a srna:: magnet t~ eliminate FnssIh e p r o t o n  am- 
b i g u i t i e s .  The t h r e s h o l d  fo r  e l e c t r o n s  w i l l  be kept  a t  
45 kev. A cur ren t -measur ing  dev i ce  has been added t o  
t h e  o m n i d i r e c t i o n a l  d e t e c t o r  t o  ex tend t h e  range o f  t h e  
i ns t rumen t .  
R a d i a t i o n  M o n i t o r i n g  Ins t ruments  
T .  A .  F a r l e y  
The f i v e  r a d i a t i o n  ins t ruments  designed by our  
group and b u i l t  by Nor th rop  Space L a b o r a t o r i e s  w i t h  
A i r  Force f u n d i n g  were launched i n t o  o r b i t  i n  October 
1965 aboard t h e  O V - 2  s p a c e c r a f t .  A l though t h e  s p a c e c r a f t  
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c l o c k  f a i l e d  a f t e r  t w o  months and t h e  tape reco rde r  f a i l e d  
a month l a t e r ,  some 500 hours o f  good da ta  have been 
recorded a t  t h e  ground, p r o v i d i n g  exce l  l e n t  coverage 
o f  t h e  i nne r  r a d i a t i o n  zone. 
Data r e d u c t i o n  i s  underway by Nor th rop ,  and 
s c i e n t i f i c  a n a l y s i s  w i l l  be c a r r i e d  on a t  UCLA. 
F l a r e  D e t e c t i o n  S a t e l l i t e  
T .  A .  F a r l e y  
The A i r  Force has p rov ided  an o p p o r t u n i t y  t o  use 
spare u n i t s  f rom t h e  O V 1 - 2  f l i g h t  on another  s a t e l l i t e  
i n  t h e  second q u a r t e r  o f  1967. The o b j e c t i v e  o f  t h e  
second f l i g h t  w i l l  be t o  mon i to r  s o l a r  f l a r e  p a r t i c l e s .  
The s a t e l l i t e  o r b i t  w i l l  be below t h e  r a d i a t i o n  b e l t  
f o r  t h e  most p a r t .  Spare u n i t s  w i l l  be r e f u r b i s h e d  by 
Nor throp ;  c a l i b r a t i o n  and t e s t i n g  o f  t h e  u n i t s  w i l l  
be accompl ished a t  UCLA. 
ANALYSIS OF DATA FROM M A R I N E R  4 MAGNETOMETER 
NsG 249-62, NGR 05-007-065 
P .  J .  Coleman 
Dur ing  t h e  r e p o r t i n y  pei- iod, reductlo:: c ? f  t he  
e x p e r i m e n t e r ' s  e x t r a c t  tapes f o r  t h e  magnetometer 
exper iments was completed. A s tudy  was i n i t i a t e d  on 
t h e  r a d i a l  dependence o f . the  i n t e r p l a n e t a r y  magnet ic  
f i e l d .  A d e t a i l e d  a n a l y s i s  was a l s o  undertaken o f  
t h e  p r o p e r t i e s  o f  v a r i a t i o n s  recorded i n  t h e  f i e l d  
d u r i n g  t h e  f l i g h t  o f  Mar iner  4. P r o p e r t i e s  such as 
t h e  power spec t ra  o f  vec to r  components and t h e  
coherence and phase d i f f e r e n c e s  between p a i r s  o f  
v e c t o r  components as f u n c t i o n s  o f  f requency w i l l  be 
determined.  These r e s u l t s  w i l l  be compared w i t h  t h e  
r e s u l t s  o b t a i n e d  from a s i m i l a r  a n a l y s i s  o f  Mar ine r  2 
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magnetometer da ta .  
I n  c o l  l a b o r a t  ion  w i t h  t h e  Mar ine r  4 exper imenters  
a t  t h e  U n i v e r s i t y  o f  Iowa, we a l s o  began a s tudy o f  t h e  
c o r r e l a t i o n s  between v a r i a t i o n s  i n  p a r t i c l e  f l u x  and 
v a r i a t i o n s  i n  t h e  f i e l d .  A t  t h e  same t ime,  s t u d i e s  o f  
v a r i a t i o n s  i n  p o l a r i t y  d i s t r i b u t i o n  o f  t h e  f i e l d  were 
extended t o  i n c l u d e  t h e  l a s t  seven p e r i o d s  o f  s o l a r  
r o t a t  i on .  
EXPERIMENT FOR THE EARTH SATELLITE OGO-E 
NAS 5-9097, NAS 5-9098 
P .  J .  Coleman, T .  A .  F a r l e y  
T h i s  exper iment was designed t o  p r o v i d e  s imul taneous 
measurements o f  v a r i a t i o n s  i n  t h e  geomagnetic f i e l d  and 
v a r i a t i o n s  i n  t h e  d i r e c t i o n a l  s p e c t r a l  i n t e n s i t y  o f  mag- 
n e t i c a l l y  t rapped p a r t i c l e s .  Progress on t h e  p a r t i c l e  
d e t e c t o r  subsystem i s  desc r ibed  e lsewhere.  Dur ing  t h e  
r e p o r t i n g  p e r i o d ,  t e s t i n g  and c a l i b r a t i o n  o f  t h e  com- 
p l e t e d  p r o t o t y p e  model o f  the  f l i g h t  magnetometer was 
con t inued .  A t  t h e  same t ime,  t e s t s  on t h e  breadboard 
model o f  t h i s  magnetometer were con t inued .  
E X P E R I M E N T  FOR THE EARTH SATELLITE A T S - B  
i\iAS 5-3570 
P .  J .  Coleman 
The p r imary  s c i e n t i f i c  goa ls  o f  t h i s  exper iment  
a r e :  ( 1 )  t h e  d e t e r m i n a t i o n  o f  t h e  dependence o f  t h e  
c o n f i g u r a t i o n  o f  t h e  d i s t a n t  geomagnetic c a v i t y  upon 
t h e  s u n - e a r t h - s a t e l l i t e  angle,  and ( 2 )  t h e  d e t e r m i n a t i o n  
of  t h e  dependence upon t h i s  a n g l e  o f  t h e  p r o d u c t i o n ,  
c h a r a c t e r i s t i c s ,  and propagat ion  o f  magne't i c  and hydro-  
magnet ic  d i s tu rbances  i n  the d i s t a n t  magnetosphere. 
D u r i n g  t h e  r e p o r t i n g  pe r iod ,  a l l  d e l i v e r a b l e  i tems o f  
hardware were d e l  i ve red .  These inc luded  t h e  p r o t o t y p e  
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and two f l i g h t  u n i t s  o f  t h e  magnetometer and a complete 
s e t  o f  ground-support  equipment. 
C H E M I S T R Y  OF M E T E O R I T E S  
NsG 313-63 
G. W e t h e r i l l ,  J .  Wasson 
An at tempt  has been made t o  r e l a t e  the  observed 
v a r i a t i o n s  i n  t h e  t r a c e  element c o n c e n t r a t i o n s - - e s p e c i a l l y  
g a l l i u m  and germanium--in i r o n  m e t e o r i t e s  t o  h y p o t h e t i c a l  
models o f  t h e  n a t u r e  and h i s t o r y  o f  m e t e o r i t e  pa ren t  
bodies.  Whi le  a unique s o l u t i o n  o f  t h i s  problem i s  n o t  
y e t  p o s s i b l e ,  t h e  present  data p lace  s t r o n g  r e s t r i c t i o n s  
on t h e  range o f  p o s s i b i l i t i e s .  
One o f  t h e  p r i n c i p a l  l i m i t a t i o n s  arose from the  
absence o f  exper imenta l  da ta  which would enable p r e d i c t i o n  
o f  t h e  p a r t i t i o n  o f  r e l e v a n t  t r a c e  elements between i r o n  
s i 1  i c a t e  and p o s s i b l y  s u l f i d e  phases. An i n v e s t i g a t i o n  
o f  t h i s  problem i s  underway. 
Spec ia l  l a b o r a t o r y  f a c i  1 i t i e s  have been developed 
f o r  i n v e s t i g a t i o n  o f  Rb-Sr concen t ra t i ons  and i s o t o p i c  
r a t i o s ,  u t i 1  i z i n g  smal 1 samples, such as i n d i v i d u a l  
chondru les ,  w i t h  a minimum o f  chemical con tamina t ion .  
Ths r e s u l t s  of these  measurements have n o t  i n d i c a t e d  
any d i f f e r e n c e  between the  -4.5 x 10 year t ime  i n t e r v a l  
s i n c e  t h e  c h o n d r i t e s  had the same S r  i s o t o p i c  compos i t ion  
( S r 8 7 / S r 8 6  = 0.699) and t h e  t ime  o f  t h e  most recen t  
e q u i l i b r a t i o n  o f  Rb and S r  w i t h i n  t h e  i n d i v i d u a l  chon- 
d r u l e s  o f  Bjurbrble. 
t h e  e n s t a t  i t e  achondr i t es  i s  underway. 
9 
An i n v e s t i g a t i o n  o f  secondary metamorphism o f  
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HIGH PRESSURE S T U D I E S  OF THE SOLID PHASES OF I N E R T  GASES 
NsG 314-63 
G .  C .  Kennedy 
The m e l t i n g  curves o f  argon, carbon d i o x i d e ,  methane, 
n i t r o g e n ,  and ammonia have been determined up t o  t h e  25- 
30 kb r e g i o n .  Wi th  t h e  use of an end- loaded p ressu re  
chamber, t h e  a t t a i n m e n t  o f  30 kb p ressu re  was r o u t i n e .  
The l i n e a r  r e l a t i o n s h i p  between t h e  m e l t i n g  temperature 
and iso thermal  c o m p r e s s i b i l i t y  as r e c e n t l y  expounded by 
K rau t  and Kennedy (Phys.Rev.Let ters ,  - 16, 608, 1966) has 
a l s o  been a p p l i e d  t o  t h e  gases s t u d i e d  i n  t h i s  i n v e s t i -  
ga t  i on .  
temperatures and pressures  it was found t h a t  t h e  p resen t  
p ressu re  chamber cou ld  o n l y  be taken up t o  approx imate ly  
1 5 O o C .  
t o  such an e x t e n t  t h a t  t h e  core  became unsupported and, 
as a r e s u l t ,  would f r a c t u r e  a t  approx imate ly  30 kb a t  these 
temperatures.  
I t  has t h e r e f o r e  been dec ided t o  des ign a l a r g e r  
chamber i n  o r d e r  t o  accommodate an i n t e r n a l  h e a t i n g  as- 
sembly and a v o i d  t h e  l o s s  o f  suppor t  assoc ia ted  w i t h t h e  
e x t e r n a l l y  heated chamber used i n  t h e  exper iments t o  d a t e .  
As env i s ioned  t h e  p ressu re  chamber w i l l  be l a r g e  enough 
t o  enable accu ra te  volume d i s c o n t i n u i t y  work and, i n  
a d d i t i o n ,  have t h e  c a p a b i l i t y  o f  measur ing e i t h e r  DTA 
or  r e s i s t a n c e  changes i n  o rde r  t o  i n v e s t i g a t e  phase 
t r a n s i t i o n s  more tho rough ly .  
Exper iments conducted i n  t h i s  l a b o r a t o r y  have shown 
t h a t  t ungs ten  c a r b i d e  p i s t o n s  can be taken up t o  60 k i l o -  
b a r s  i n  a normal p i s t o n - c y l i n d e r  apparatus i f  t h e  amount 
o f  f r e e  p i s t o n  t r a v e l  i s  kept t o  a minimum. U t i l i z i n g  
t h i s  techn ique a l o n g  w i t h  the l a r g e r  i n t e r n a l l y  heated 
chamber, i t  i s  expected t h a t  t h e  p resen t  exper imenta l  
I n  d e t e r m i n i n g  t h e  m e l t i n g  curves o f  gases a t  h i g h e r  
Higher  temperatures expanded t h e  b i n d i n g  r i n g s  
range can be doubled. Experiments a r e  n o t  be ing  conducted 
on water  encapsu la ted  i n  p l a s t i c  c o n t a i n e r s  i n  a o n e - h a l f  
inch  d iameter  chamber. When sea l  i n g  techn iques  a r e  pe r -  
f ec ted ,  t h e  i n v e s t i g a t i o n  w i l l  be extended t o  gas systems. 
FEASIBILITY S T U D I E S  ON COORDINATED 
R A D I A T I O N  EXPERIMENTS FROM METEOROLOGICAL SATELLITES 
NGR 05-007-041 
Z .  Sekera, T . A .  Har iharan  
D u r i n g  t h e  r e p o r t i n g  p e r i o d ,  t h e  l a b o r a t o r y  model 
o f  t h e  s k y l i g h t  p o l a r i m e t e r  and t h e  assoc ia ted  equipment 
such as t h e  s u n - f o l l o w e r  assembly and scanning mechanism 
have been completed. Some ground-based measurements o f  
sky1 i g h t  p o l a r i z a t i o n  have been c a r r i e d  o u t .  
I n  c o l l a b o r a t i o n  w i t h  Goddard Space F l i g h t  Center 
and Ames Research Center some h i g h - a l t i t u d e  measurements 
were c a r t i e d  o u t  on t h e  p o l a r i z a t i o n  o f  v i s i b l e  r a d i a -  
t i o n  r e f l e c t e d  by v a r i o u s  n a t u r a l  su r faces .  A Convai r  
990 j e t  a i r c r a f t  was used f o r  t h e  exper iments .  Measure- 
ments were made a t  v a r i o u s  a l t i t u d e s  up t o  a maximum o f  
40,000 f e e t  under v a r i o u s  exper imenta l  c o n d i t i o n s .  F u r t h e r  
exper iments  o f  a s i m i l a r  n a t u r e  a r e  proposed for  February 
1967, and arrsngements a r e  underway t o  mod i f y  t h e  i n s t r u -  
ment .  
A proposal  has been submi t ted  t o  NASA f o r  i n c l u s i o n  
o f  t h e  p o l a r i z a t i o n  exper iment i n  t h e  A p o l l o  spacecra f t  
d u r i n g  one o f  i t s  e a r l y  e a r t h  o r b i t a l  m i s s i o n s .  I n  con- 
n e c t i o n  w i t h  t h i s  p roposa l  some work has been i n i t i a t e d  
on a p r e l i m i n a r y  eng ineer ing  d e n s i t y s t u d y  o f  a s a t e l l i t e -  
borne p o l a r i m e t e r ,  
t h e  i n v e r s i o n  problem i n  r a d i a t i v e  t r a n s f e r ;  t h a t  i s ,  on 
d e t e r m i n a t i o n  o f  atmospher ic parameters t h a t  e n t e r  i n  t h e  
s c a t t e r i n g  phenomena. 
T h e o r e t i c a l  i n v e s t i g a t i o n s  a r e  be ing  con t inued  on 
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SEARCH COIL MAGNETOMETER 
JPL #950403 
R .  E .  Ho lzer  
O G O - I  records  f o r  more than one and one-ha l f  years  
a r e  now a v a i l a b l e ,  and i t  has been p o s s i b l e  t o  observe 
some s i g n i f i c a n t  t r e n d s  i n  t h e  mean p o s i t i o n s  o f  t h e  
hydromagnet ic bow shock and t h e  magnetopause. Because 
apogee i s  about 24 Re, t h e  o r b i t  p e n e t r a t e s  these boun- 
d a r i e s  o n l y  when apogee i s  above o r  near t h e  sun1 i t 
hemisphere. Apogee was over  t h e  a f t e r n o o n  s i d e  o f  t h e  
s u n l i t  hemisphere i n  t h e  f a l l  o f  1964 and aga in  i n  t h e  
f a l l  o f  1965. I t  was above t h e  morn ing s i d e  i n  t h e  s p r i n g  
o f  1965. A s tudy  o f  t h e  f i r s t  year o f  da ta  ( f a l l  1964- 
s p r i n g  1965) i n d i c a t e d  t h a t  t h e  average K index was 
low and s u b s t a n t i a l l y  t h e  same i n  f a l l  and s p r i n g ,  p r e -  
sumpt ive ev idence o f  a steady s o l a r  w ind .  Both t h e  bow 
shock and magnetopause c ross ings  were found t o  be sym- 
m e t r i c a l  about an a x i s  i n  the e c l i p t i c  p lane  i n c l i n e d  
fou r  degrees t o  t h e  west of t h e  e a r t h - s u n  l i n e .  Th is  
a b e r r a t i o n  ang le  i s  c o n s i s t e n t  w i t h  a s o l a r  w ind  speed 
o f  about 430 km/sec. I t  i s  b e l i e v e d  t h a t  t h i s  i s  t h e  
P 
f i r s t  ev idence o f  t h e  s o l a r  w ind  a b e r r a t i o n  ang le  based 
upon p o s i t i o n s  o f  t h e  magneto-sheath boundar ies .  I t  was 
a l s o  found t h a t  t h e  da ta  f o r  t h e  f a l l  o f  1965 i n d i c a t e d  
a more compressed magnetosphere than t h e  f a l l  o f  1964, 
c o n s i s t e n t  w i t h  a h ighe r  wind v e l o c i t y  i n  t h e  former case. 
The mean K i n d i c e s  f o r  the o b s e r v a t i o n  i n t e r v a l s  were 
1 .8 and 1.4, r e s p e c t i v e l y .  When O G O - I  plasma probe d a t a  
become a v a i l a b l e ,  i t  w i l l  be p o s s i b l e  t o  make q u a n t i t a t i v e  
checks w i t h  s o l a r  wind speeds and pressures .  
Programs have been completed f o r  making s t u d i e s  of 
wave p a t t e r n s  i n  i n e r t i a l  coo rd ina tes ,  and t h e  d e t a i l e d  
s tudy  o f  bow-shock s t r u c t u r e  has been i n i t i a t e d .  Qual  i- 
t a t i v e l y ,  i t  has a l r e a d y  been found t h a t  t h e  bow shock 
P 
\ 
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i s  a source o f  h i g h  frequency magnet ic  s i g n a l s  up t o  
f requencies of 1000 cyc les /sec  (upper 1 i m i t  o f  equipment 
response) .  I n  t h e  lower f requency domain which can be 
exp lo red  by t h e  waveform channels (up t o  about 5 c y c l e s /  
sec) t h e r e  a r e  c l e a r  wave p a t t e r n s  a t  t h e  shock w i t h  
p recu rso rs  i n  t h e  i n t e r p l a n e t a r y  medium. Power s p e c t r a  
taken i n  t h e  v i c i n i t y  o f  t h e  shock have a peak near 2 
cyc 1 es /sec . 
was launched i n  October 1964. Thus f a r ,  o n l y  10 days 
o f  da ta  from t h i s  s a t e l l i t e  have been made a v a i l a b l e .  
The search c o i  1 magnetometer exper ienced severe i n t e r -  
ference from boom v i b r a t i o n s  and from c e r t a i n  equipment 
on t h e  spacec ra f t .  However, i t  i s  s t i l l  p o s s i b l e  t o  ob- 
t a i n  da ta  f r o m  t h e  l a r g e r  n a t u r a l  s i g n a l s .  The a u r o r a l  
zone has proved t o  be t h e  source o f  s t r o n g  magnet ic  
f l u c t u a t i o n s  th roughout  t h e  f requency range o f  t h e  
magnetometer. The reg ions  o f  d i s t u r b a n c e  a re  s h a r p l y  
bounded, u s u a l l y  a few degrees wide, and found near t h e  
r e g i o n  where v i s u a l  auroras  a r e  most f r e q u e n t .  
s p e c i a l  purpose t e l e m e t r y  was made a v a i l a b l e  f o r  t h e  
search c o i l  magnetometer. The more d e t a i l e d ,  h ighe r  
f requency s p e c t r a l  a n a l y s i s  made p o s s i b l e  by t h i s  equ ip -  
ment has y i e l d e d  records  o f  seve ra l  p r o t o n  w h i s t l e r s  ana 
a t e n t a t i v e l y  i d e n t i f i e d  he l ium w h i s t l e r .  
The remain ing  search c o i l  magnetometers on t h e  n e x t  
f o u r  OGO s p a c e c r a f t  a r e  i n  v a r i o u s  stages o f  p r e p a r a t i o n .  
O G O - B  i s  a w a i t i n g  launch;  OGO-D and OGO-E a r e  i n  t e s t  
phases; and O G O - F  i s  i n  a l a t e  des ign  phase. 
O G O - 1 1 ,  a low a l t i t u d e  p o l a r  o r b i t i n g  s a t e l l i t e ,  
The O G O - I 1  spacec ra f t  i s  t h e  f i r s t  one i n  which t h e  
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STATISTICAL AND HARMONIC ANALYSIS OF GEOPHYSICAL DATA 
AF 23(601 )-4171 
W .  M .  Kaula 
The purposes o f  t h i s  study were: 
( 1 )  Development o f  s t a t i s t i c a l  t h e o r y  p e r t a i n i n g  t o  
nonuni form d i s t r i b u t i o n s  o f  d a t a  over  a sphere;  
( 2 )  A p p r a i s a l  o f  geophysica l  d a t a  r e l a t e d  t o  de- 
t e r m i n a t i o n  o f  t h e  g r a v i t y  f i e l d :  topograph ic ,  
se ismic ,  and geothermal da ta ,  as w e l l  as g rav-  
imet ry  and s a t e l l i t e  o r b i t  ana lyses ;  
t h e  g r a v i t y  f i e l d ;  
o f  o r b i t  p e r t u r b a t  i o n s .  
( 3 )  De te rm ina t ion  o f  an optimum r e p r e s e n t a t  ion  o f  
( 4 )  A p p l i c a t i o n  o f  t he  g r a v i t y  f i e l d  t o  c a l c u l a t i o n  
The scope o f  these purposes was t o o  amb i t i ous  i n  
p r o p o r t i o n  t o  t h e  s c a l e  o f  the  p r o j e c t .  A d e t a i l e d  
s t a t i s t i c a l  t h e o r y  was developed which s a t i s f y i n g l y  
t r a n s f e r r e d  t irnebser i e s  techn iques t o  t h e  sphere.  The 
e v a l u a t i o n s  o f  heat f l o w  and se i sm ic  r e f r a c t i o n  da ta  
showed some c o r r e l a t i o n s  o f  m a i n l y  g e o l o g i c a l  i n t e r e s t ,  
The comparison o f  d i f f e r e n t  c o m p i l a t i o n s  o f  topograph ic  
e l e v a t i o n s  i n d i c a t e d  some s i g n i f i c a n t  b i a s e s .  However, 
t h e  theo ry  and d a t a  were no t  e f f e c t i v e l y  combined t o  
o b t a i n  a u t i l i z a t i o n  o f  the  topography, heat  f l ow ,  and 
s e i s m i c  c r u s t a l  th icknesses  t o  determine t h e  g r a v i t y  
f i e l d  on a g l o b a l  s c a l e ;  t he re  i s  needed a b e t t e r  
t h e o r e t i c a l  unders tand ing  o f  t h e  i n s t a b i l i t i e s  which can 
o c c u r  u s i n g  weakly c o r r e l a t e d  v a r i a b l e s  in t h e  presence 
o f  a h i g h  n o i s e  l e v e l  o f  l o c a l  v a r i a t i o n .  
Hence, t h e  r e p r e s e n t a t i o n  o f  t h e  g r a v i t y  f i e l d  
o b t a i n e d  was a combinat ion o f  s a t e l l i t e  da ta  f o r  t h e  
6 t h  degree and longer  wave v a r i a t i o n  and g rav ime t ry  f o r  
s h o r t e r  wave v a r i a t i o n .  The amount by which t h e  grav-  
i m e t r y  had t o  be a d j u s t e d  i n d i c a t e d ,  however, t h a t  some 
m o d i f i c a t i o n  o f  t h e  s a t e l l i t e  da ta  would be a p p r o p r i a t e  
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for  an optimum r e p r e s e n t a t  ion.  
C a l c u l a t i o n  o f  o r b i t a l  p e r t u r b a t i o n s  by t h e  g r a v i t y  
f i e l d  was r e l a t i v e l y  s imp le  and, once t h e  computer p r o -  
grams were debugged, i n d i c a t e d  q u i t e  c l e a r l y  t h a t  s p h e r i -  
c a l  harmonic c o e f f i c i e n t s  are a much more e f f i c i e n t  way 
of a t t a i n i n g  a s p e c i f i e d  p r e c i s i o n  for  a g i v e n  o r b i t  
and t i m e  d u r a t i o n  than a r e  e x t r a p o l a t i o n s  f rom area mean 
anomal ies.  The development o f  c r i t e r i a  as t o  what ha r -  
monic c o e f f i c i e n t s  t o  i nc lude  w i l l  depend on more s p e c i f i c  
s ta tement  o f  o r b i t a l  c h a r a c t e r i s t i c s ,  d u r a t i o n ,  p re -  
c i s i o n  r e q u i r e d ,  e t c .  
ANALYSIS OF GEODETIC SATELLITE TRACKING DATA 
NSR 05-007-060 
W .  M .  Kaula 
A n a l y s i s  o f  7,234 Baker-Nunn camera o b s e r v a t i o n s  
o f  f i v e  s a t e l l i t e s  was completed t o  determine s imu l taneous ly  
44 t e s s e r a l  harmonic c o e f f i c i e n t s  o f  t h e  g r a v i t a t i o n a l  
f i e l d ,  36 s t a t i o n  coo rd ina tes ,  and 511 o r b i t a l  e lements.  
Supplementary o b s e r v a t i o n a l  d a t a  i n c o r p o r a t e d  i n  t h e  
s o l u t i o n  i nc luded  a c c e l e r a t i o n s  o f  24-hour s a t e l l i t e s  
and d i r e c t i o n s  between t r a c k i n g  s t a t i o n s  f r o m  s imu l -  
w r i t t e n  f o r  t h e  d i f f e r e n c e s  between geomet r ica l  and grav-  
i t a t i o n a l  geo id  h e i g h t s  a t  t r a c k i n g  s t a t i o n s .  Severa l  
v a r i a t i o n s  i n  r e l a t i v e  w e i g h t i n g  o f  d i f f e r e n t  observa- 
t i o n a l  d a t a  and a p r i o r i  var iances  of parameters were 
t e s t e d .  The p r e v i o u s  independent s o l u t i o n  most c l o s e l y  
approached was t h a t  by Ander le  based on Doppler  da ta ,  
f r o m  which t h e  rms d isc repancy  was - + 0.18 x l o m 6  f o r  
38 no rma l i zed  harmonic c o e f f i c i e n t s ,  or  - + 7 meters i n  
t o t a l  geo id  h e i g h t .  An e q u a t o r i a l  r a d i u s  o f  6,378,160 
- + 8 m.  was o b t a i n e d .  
&- . - - - . . -  Laiicuu3 O u a c t  L - - - * ' - + : n - c  V a L i v i ~ a ;  -hcnr\i=It U V ~ * ~  inn ~ q n a t _ i o n s  were a l s o  
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STUDIES OF THE SOLAR SYSTEM AND PROBABLE LUNAR 
ABUNDANCES OF ELEMENTS OF GEOCHEMICAL 
AND METALLURGICAL S I G N I  F ICANCE 
NGR 05-007-046 
L .  H. A l l e r  
So la r  SDectrum Stud ies  
Our obse rva t i ona l  data c o n s i s t  o f  h i g h  r e s o l u t i o n  
spectrum t r a c i n g s  ob ta ined  i n  c o l l a b o r a t i o n  w i t h  t h e  
McMath-Hulbert Observatory o f  t h e  U n i v e r s i t y  o f  M ich igan 
and some h i g h  r e s o l u t i o n  t r a c i n g s  ob ta ined  by Prof .  
Wal te r  M i t c h e l l  w i t h  the  Snow s o l a r  te lescope a t  Mount 
Wi lson Observatory .  Many o f  these t r a c i n g s  were o b t a i n e d  
w i t h  a monochromator t o  e l i m i n a t e  s c a t t e r e d  l i g h t  so 
t h a t  accura te  l i n e  shapes cou ld  be ob ta ined .  I n  some 
instances i t  was p o s s i b l e  t o  measure t h e  l i n e  p r o f i l e  
a t  severa l  p o i n t s  on the  s o l a r  d i s k  and thus o b t a i n  
checks on t h e  model atmosphere employed. 
abundance elements and t h e i r  ions,  i n  a d d i t i o n  t o  severa l  
o f  t h e  l e s s  abundant elements such as SbI, B a I I ,  BeI, 
CdI,  NbI, N b I I ,  GaI, GeI,  A u I ,  I n I ,  MoI, RuI, AgI,  YbI,  
Y 1 ,  ~ 1 1 ,  i r i ,  diiu 
One g rea t  advantage i n  s o l a r  work i s  t h a t  one can 
We a r e  c o n s i d e r i n g  severa l  o f  t h e  more impor tan t ,  
---I 7-11 ..-- 
observe t h e  a c t u a l  1 ine p r o f i l e s  a t  va r ious  p o i n t s  on the  
s o l a r  d i s k  and measure t h e  emergent i n t e n s i t y  I x ( O , p ) .  
F u l l  u t i l i z a t i o n  o f  t h e  a v a i l a b l e  d a t a  pe rm i t s  a much 
b e t t e r  d e t e r m i n a t i o n  o f  the q u a n t i t y  l o g  gfX (n /nH)  than 
does the  cu rve -o f -g rowth  method. 
have y i e l d e d  d i f f e r e n t  r e s u l t s  f rom those ob ta ined  by GMA, 
for t h i s  meta l  has a f a i r  number o f  r a t h e r  weak, o f t e n  
b a d l y  blended l i n e s .  
Analyses by the  cu rve -o f -g rowth  method on Ruthenium 
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Ind ium i s  o f  cons ide rab le  geochemical i n t e r e s t ,  s i n c e  
i t  appears t o  be dep le ted  i n  m e t e o r i t e s .  Should t h i s  e l e -  
ment be found on t h e  moon, i t  would i n d i c a t e  an e a r l y  
h i s t o r y  o f  l u n a r  m a t e r i a l  cons ide rab ly  d i f f e r e n t  f rom t h a t  
o f  c h o n d r i t e s .  I n v e s t i g a t i o n s  a r e  underway i n v o l v i n g  ap- 
p l i c a t i o n  o f  t h e  l i n e  p r o f i l e  method t o  a n a l y s i s  o f  Ind ium. 
The a v a i l a b l e  g o l d  l i n e  l i e s  i n  t h e  f a r  "access ib le "  
u l t r a v i o l e t  a t  X3122.784. The b i g  problem i s  l o c a t i n g  t h e  
r e g i o n a l  continuum, c a l i b r a t i n g  i t  i n  terms o f  energy u n i t s ,  
and a l l o w i n g  fo r  e f f e c t s  o f  b lends .  Our cu rve -o f -g rowth  
method has been employed; spectrum s y n t h e s i s  has n o t  y e t  
been a t tempted i n  t h i s  reg ion .  
Atomic t r a n s i t i o n  p r o b a b i l  i t i e s  a r e  under i n v e s t i -  
g a t i o n .  Whether t h e  s o l a r  spectrum s y n t h e s i s  o r  curve-  
o f - g r o w t h  method i s  employed, t h e  r e s u l t  i s  an e v a l u a t i o n  
o f  t h e  produc t  fNel/pH, where Nel /NH i s  t h e  q u a n t i t y  
sought,  and f i s  t h e  o s c i l l a t o r  s t r e n g t h  f o r  t h e  t r a n s i t i o n  
i n  q u e s t i o n .  The f i n a l  va lue  f o r  t h e  abundance can be no 
b e t t e r  than t h e  accuracy o f  t h e  f - v a l u e .  
t i o n  o f  exper imenta l  and t h e o r e t i c a l  r e s u l t s .  Whenever 
I n  t h i s  i n v e s t i g a t i o n  we have r e l i e d  on a combina- 
ava 
and 
Use 
Cor 
b u t  
r e v  
OF 
l a b l e ,  we have used f - v a l u e s  measured by R . B .  K ing  
h i s  assoc ia tes  a t  C a l i f o r n i a  I n s t i t u t e  o f  Technology. 
has a l s o  been made o f  t h e  new f - v a l u e s  p u b l i s h e d  by 
i s s  and Bozman o f  t h e  N a t i o n a l  Bureau u f  S t m d a r d s ,  
i t  now appears t h a t  t h e i r  r e s u l t s  w i l l  have t o  be 
sed f o r  a number o f  e lements.  
I N V E S T I G A T I O N  OF TECHNIQUES FOR ANALYSIS 
A N C I E N T  S E D I M E N T S  AND EXTRATERRESTRIAL MATERIALS 
NGR 05-007-077 
I. R .  Kaplan 
D u r i n g  recen t  months e f f o r t s  have been d i r e c t e d  
m a i n l y  toward a c q u i s i t i o n  and assembly o f  equipment and 
s u p p l i e s  f o r  a gas m a n i f o l d  system and a g a s - l i q u i d  
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chromatographic system t o  be used i n  t h e  cap tu re ,  measure- 
ment, t r a n s f e r ,  and i d e n t i f i c a t i o n  o f  1 i g h t  hydrocarbons 
from s o i l s ,  sediments, and m e t e o r i t e s .  Our s t r i n g e n t  
requi rements f o r  a gas m a n i f o l d  system which c o u l d  r e c e i v e  
and measure the  hydrocarbons w i t h o u t  changing t h e i r  com- 
p o s i t i o n  by con tamina t i ve  a d d i t i o n  o r  s e l e c t i v e  removal 
o f  compounds has consumed much t ime  even though we have 
r e l i e d  on t h e  exper ience o f  o t h e r  researchers .  Our t h i r d -  
genera t i on  system appears t o  be operab le ,  and we expect  
t o  beg in  examining samples o f  sediments.  The gas chromat- 
o g r a p h i c  apparatus i s  f u n c t i o n i n g ,  and t e s t i n g  and c a l -  
i b r a t i o n  a r e  c o n t i n u i n g .  
PHYSICAL S C I E N C E S  RESEARCH SUPPORTED BY 
NsG 237-62  
Fundamental Problems i n  Astronomy 
L .  A l l e r  
Spectrograms o f  gaseous nebulae have been o b t a i n e d  
a t  L i c k  Observa tory .  Among t h e  o b j e c t s  observed a re  some 
wh ich  a r e  suspected t o  be p o s s i b l e  x - r a y  sources, a l t hough  
t h e  p o s i t i o n s  o f  t h e  l a t t e r  a r e  n o t  we1 1 enough e s t a b l  i shed 
t o  make a d e f i n i t i v e  s tatement .  
24" Telescope f o r  P lane ta ry  and S t e l  l a r  Observat ions 
L .  A l l e r  
A l though n o t  y e t  s a t i s f a c t o r i l y  o p e r a t i v e ,  t h e  24" 
te lescope  purchased from C a l i f o r n i a  I n s t i t u t e  o f  Technology 
has been i n s t a l l e d  i n  O j a i ,  C a l i f o r n i a ,  and o b s e r v a t i o n s  
have been made w i t h  i t .  A spec t rograph has been a t tached  
t o  t h e  te lescope ,  and a f t e r  i t s  o p t i c s  were r e f i g u r e d  and 
t h e  ins t rument  was p r o p e r l y  assembled, spectrograms o f  
good d e f i n i t i o n  were ob ta ined .  A t  t h e  p resen t  t ime,  work 
con t inues  on a l ignment  o f  t h e  te lescope  and c o r r e c t i o n  o f  
mechanica l  d i f f i c u l t i e s .  
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State-Wide Committee on Telescope f o r  t h e  Southern 
HemisDhere 
L .  A l l e r  
Funds from t h e  237-62  g r a n t  were awarded t o  f a c i l -  
i t a t e  p l a n n i n g  and s i t e  t e s t i n g  f o r  t h e  eventua l  es tab -  
1 ishment o f  a l a r g e ,  ground-based r e f l e c t o r  under U n i v e r s i t y  
of C a l i f o r n i a  auspices i n  the southern  hemisphere. To 
da te ,  a double-beam s i t e - t e s t i n g  te lescope  has been used 
i n  A u s t r a l i a  f o r  reconnaissance o f  p o s s i b l e  s i t e s .  M t .  
McKin lay i n  t h e  F l i n d e r s  Range, about 300 m i l e s  n o r t h  o f  
Ade la ide ,  appears t o  be the  most f a v o r a b l e  l o c a t i o n  f o r  
a l a r g e  te lescope.  
between t h e  U n i v e r s i t y  o f  C a l i f o r n i a  and t h e  A u s t r a l i a n  
N a t i o n a l  U n i v e r s i t y  i s  be ing cons idered,  and t h e  Regents 
have a u t h o r i z e d  $0.5 m i l l  ion o f  U n i v e r s i t y  o f  Cal  i f o r n i a  
funds f o r  t h e  p r o j e c t .  A d d i t i o n a l  funds w i l l  be sought 
from NASA.  
The p o s s i b i l i t y  o f  a p a r t n e r s h i p  on t h i s  p r o j e c t  
Rocket P r o i e c t  
P .  J .  Coleman, U. Fehr 
Data o b t a i n e d  w i t h  ground-based d e t e c t o r s  d u r i n g  
r o c k e t  f l i g h t s  were analyzed.  P r e l i m i n a r y  r e s u i t s  i n -  
d i c a t e  t h a t  t h e  ins t ruments  employed de tec ted  v a r i a t i o n s  
i n  a tmospher ic  p ressure  a t  t h e  s u r f a c e  o f  t h e  e a r t h  which 
were produced by t h e  i g n i t i o n  o f  upper-s tage rocke t  
engines i n  t h e  ionosphere.  Four s t a t i c  f i r i n g s  o f  t h e  
Sa tu rn  r o c k e t  engine were a l s o  mon i to red  and a r e  be ing  
ana lyzed a t  P t .  Mugu, C a l i f o r n i a .  
va r iomete rs  u t i l i z e d  i n  measurements o f  a r t i f i c i a l  d i s -  
tu rbances  i n  t h e  ionosphere. The b a s i c  problems t o  be 
overcome a r e  d r i f t s  produced by t h e  e l e c t r o n i c s  and 
P r e l  im inary  redes ign  work has been done on t h e  
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temperature changes and t h e  f a c t  t h a t  t h e  ins t rument  w i l l  
n o t  pe r fo rm p r o p e r l y  d u r i n g  p e r i o d s  i n  wh ich  i t s  a l t i t u d e  
i s  changing s i g n i f i c a n t l y .  
M a g n e t i c a l l y  Sh ie lded  Test  F a c i l i t y  
P .  J .  Coleman 
T h i s  f a c i l i t y ,  designed t o  y i e l d  a l a b o r a t o r y  w i t h  
an environment s u f f i c i e n t l y  f r e e  o f  magnet ic  n o i s e  t o  
a l l o w  t e s t i n g  and c a l i b r a t i o n  o f  r e l a t i v e l y  s e n s i t i v e  
magnetometers, c o n s i s t s  p r i m a r i l y  o f  a m a g n e t i c a l l y  
s h i e l d e d  room which prov ides  t h e  work ing  volume w i t h  
compara t i ve l y  l i t t l e  magnet ic n o i s e .  An env i ronmenta l  
chamber and a t r i a x i a l  H e l m h o l t z - c o i l  a r r a y  a r e  used t o  
t e s t  t h e  response o f  magnetometer probes a t  v a r i o u s  
temperatures.  
t h e  f a c t  t h a t  t h e  equipment had t o  be used f o r  t e s t i n g  
and c a l  i b r a t  i on  o f  hardware for  f 1 i g h t  p r o j e c t s .  Progress 
has been made i n  improv ing t h e  l i q u i d  n i t r o g e n  temperature 
c o n t r o l  system. 
The f a c i l  i t y  has n o t  y e t  been completed due t o  
Chemist rv  and SDectroscoDv Under H iah  F i e l d  o f  
t h e  G ian t  Laser Beam 
M .  El-Sayed 
A g i a n t  Z-swi tched l a s e r  has been purchased and w i l l  
be used t o  s tudy  t h e  i n t e r a c t i o n  between h i g h  d e n s i t y  l i g h t  
beams w i t h  m a t t e r .  The c r o s s - s e c t i o n s  f o r  t h e  s c a t t e r i n g  
and o t h e r  l i g h t - l o s s  mechanisms such as m u l t i p h o t o n  ab- 
s o r p t i o n  i n  o r g a n i c  and i n o r g a n i c  media a r e  t o  be examined. 
R e s u l t s  o f  t h i s  s tudy w i l l  have importance i n  regard  t o  
t h e  p o s s i b l e  f u t u r e  use of l a s e r s  i n  space communication. 
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Mot ion  o f  Mass P a r t i c l e s  i n  the  S o l a r  Svstem 
J .  Kane 
Research has cont inued on numer ica l  methods o f  
s o l v i n g  t h e  r e s t r i c t e d  n-body problem. Two methods seem 
q u i t e  p romis ing :  One i s  a method o f  choosing t h e  c o r r e c t  
v a r i a b l e s  i n  phase space so t h a t  t h e  d i m e n s i o n a l i t y  o f  t h e  
o r i g i n a l  problem i s  reduced t o  t h e  d e t e r m i n a t i o n  o f  a 
s u i t a b l e  v e c t o r  f i e l d  i n  two dimensions. I n t e g r a t i o n  o f  t h e  
equa t ions  o f  mot ion  i s  e q u i v a l e n t  t o  f i n d i n g  t h e  " l i n e s  o f  
f o rce "  i n  t h i s  two-dimensional  phase space. The second 
approach i s  one o f  " d i g i t i z i n g "  t h e  equa t ions  o f  mo t ion .  
A l though t h e r e  i s  some 1 i m i t a t i o n  on accuracy a t t a i n a b l e  
by u s i n g  t h i s  i n t e g r a t i o n  procedure,  i t  does o f f e r  t h e  
ma jo r  advantage o f  be ing  computat ional  l y  s t a b l e  f o r  un- 
l i m i t e d  t ime  p e r i o d s .  Representa t ive  numer ica l  examples 
a r e  be ing  computed f o r  a s i m p l i f i e d  s o l a r  system c o n s i s t i n g  
o f  t h e  sun and J u p i t e r .  
C y c l i n g  o f  Elements i n  Biosphere, Hydrosphere, and 
Atmosphere and t h e  Chemical E v o l u t i o n  o f  L i f e  
I. R .  Kaplan 
D u r i n g  t h e  r e p o r t i n g  p e r i o d ,  a t t e n t i o n  has been 
c - - * * - n A  n m  n h t q ; n ; n n  t w L u 3 G u  u I I  u v c u I 1 8  , , , =  -,,_ s e t t i n 5  iip f a c i l i t i e s  f o r  
i n v e s t i g a t i o n s  of biogeochemist ry  p rob lems- -ga in ing  under-  
s t a n d i n g  o f  env i ronmenta l  changes th rough study o f  geo- 
chemis t r y  and m i c r o b i o l o g y .  Emphasis i s  be ing  p laced  
on t h e  c y c l i n g  o f  e lements i n  t h e  b iosphere ,  l i t h o s p h e r e ,  
and atmosphere. Most o f  the  work concerns mar ine  prob-  
lems and t h e  i n f l u e n c e  o f  microorganisms i n  e f f e c t i n g  
changes a t  t h e  mud-water i n t e r f a c e .  Work on the  chemical 
e v o l u t i o n  o f  1 i f e ,  p r i m a r i l y  i n v o l v i n g  i n v e s t i g a t i o n s  
o f  a n c i e n t  sediments and m e t e o r i t e s ,  i s  r e p o r t e d  e lsewhere.  
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T r o p i c a l  Meteoro logy 
T .  K r i shnamur t i  
Th i s  i s  a new p r o j e c t  i n v o l v i n g  m e t e o r o l o g i c a l  
s a t e l l i t e  work and a n a l y s i s  o f  Tyros I11 i n f o r m a t i o n  
(pho tog raph ic  and r a d i o m e t r i c )  o b t a i n e d  i n  September 1961. 
O f  p a r t i c u l a r  i n t e r e s t  i s  an examinat ion  o f  t r o p i c a l  
c o n v e c t i v e  a c t i v i t y  i n  the  A t l a n t i c  Ocean preced ing  forrna- 
t i o n  o f  a h u r r i c a n e  on September 13, 1961. 
m e t e o r o l o g i c a l  a n a l y s i s  w i l l  be c a r r i e d  o u t .  Convect ive 
c louds  and t h e  problem o f  p a r a m e t e r i z a t i o n  o f  c o n v e c t i v e  
s c a l e s  and t h e i r  i n f l u e n c e  on t r o p i c a l  l a r g e  s c a l e  f lows 
w i l l  be examined. 
Stream l i n e s ,  contours,  i c e l e s s  arms i n  conven t iona l  
I s o t o p i c  S tud ies  o f  t h e  Solar  Wind 
D .  L a l ,  W .  F .  L ibby  
Exper iments a r e  being conducted t o  t e s t  t h e  pos- 
s i b i l i t y  o f  c o l l e c t i n g  a l a r g e  sample o f  " s o l a r  wind"  
f r o m  o u t s i d e  t h e  e a r t h ' s  magnetosphere. I n  t h e  scheme 
under t e s t ,  t h e  f a s t  moving p a r t i c l e s  o f  t h e  s o l a r  wind 
w i l l  be t rapped i n  t h e  o u t e r  s k i n  o f  a l a r g e  b a l l o o n  
i n f l a t e d  i n  space. S imulated s t u d i e s  i n v o l v i n g  exposure 
o f  seve ra l  t ypes  o f  meta l  f o i l s  t o  f a s t  ions ( r a d i o a c t i v e  
and s t a b l e )  hav ing  v e l o c i t i e s  c o v e r i n g  t h e  f u l l  range 
expec ted  f o r  s o l a r  p a r t i c l e s  a r e  now be ing  c a r r i e d  o u t  t o  
de termine t h e  most s u i t a b l e  " s k i n "  m a t e r i a l ( s )  f o r  t h e  
b a l l o o n .  S e l e c t i o n  w i l l  be based on observed behav io r  
o f  t h e  me ta l s ,  i n  p a r t i c u l a r  e f f i c i e n c y  o f  t r a p p i n g  o f  
s o l a r  p a r t i c l e s  and degree o f  r e t e n t i o n  o f  p a r t i c l e s  
a f t e r  t r a p p i n g .  
t h e  p r o j e c t ;  s o l a r  p a r t i c l e s  can be caught w i t h  h i g h  
e f f i c i e n c y  and r e t a i n e d  i n  t h e  s k i n  m a t e r i a l  d u r i n g  
exposure i n  deep space where i t  w i l l  a t t a i n  temperatures 
Exper iments so f a r  demonstrate t h e  feas i b i  1 i t y  o f  
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exceeding 100°C due t o  a b s o r p t i o n  of s o l a r  r a d i a t i o n .  
Tests  a r e  be ing  c a r r i e d  ou t ,  i n  a d d i t i o n ,  t o  e v a l u a t e  
any p o s s i b l e  p i t f a l l s  and b l i n d  a l l e y s  i n  t h e  exper iment .  
A n a l y s i s  o f  Carbon Compounds i n  Carbonaceous Chondr i tes  
W .  F. L ibby  
The general  o b j e c t i v e s  o f  t h i s  g r o u p ' s  e x i s t e n c e  
have e s s e n t i a l l y  been achieved.  The group has developed 
( 1 )  an unders tand ing  o f  the  ser iousness  o f  t h e  contamina- 
t i o n  problem, ( 2 )  mutual  unders tand ing  o f  techniques,  and 
( 3 )  a forum f o r  f rank  and f r i e n d l y  d i s c u s s i o n  o f  r e s u l t s  
f r o m  d i f f e r e n  t 1 abo ra to r  i es . 
A t  t h e  A p r i l  21-22, 1966, mee t ing  o f  t h e  group i n  
Washington, D.C . ,  t h e  f o l l o w i n g  were i n  a t tendance:  E .  
Anders, E .  Barghoorn, K .  Biemann, I . B r e g e r ,  A .  B i r l  ingame, 
M .  Dayhoff, R .  Eck, J.  Hayes, T .  Hoer ing,  J .  Jedwab, W .  
L ibby ,  S .  Markey, B. Mason, W .  Meinschein,  G .  M u e l l e r ,  
B .  Nagy, J .  Oro, C .  Ponnamperuma, F. Quimby, H .  Schnoes, 
and M.  S t u d i e r .  Top ics  p resented  on t h e  program were: 
"Mechanism o f  p r o d u c t i o n  o f  p r imeva l  o r g a n i c  m a t t e r  by 
i o n i z i n g  r a d i a t i o n , "  L i b b y ;  "Synthes is  o f  o r g a n i c  com- 
pounds under q u a s i - e q u i l i b r i u m  c o n d i t i o n s , "  S t u d i e r ;  
"Recent p rogress  i n  t h e  a p p l i c a t i o n  o f  h i g h  r e s o l u t i o n  
mass spec t romet ry  f o r  t h e  d e t e c t i o n  o f  o r g a n i c  compounds 
i n  e x t r a t e r r e s t r i a l  m a t e r i a l s , "  Biemann; "Poss ib le  sources 
o f  hydrocarbon con tamina t ion ;  C 1 3 / C 1 '  r a t i o  i n  o r g a n i c  
m a t t e r , "  Hoer ing ;  " O p t i c a l  a c t i v i t y  i n  m e t e o r i t e s ? "  Anders; 
" A n a l y s i s  o f  carbonaceous sediments," Schnoes,Burl ingame; 
"Thucol y t e s ,  I t  Jedwab; "Organ i c compounds i n  chondr i t e s  , 
Meinsche in ;  "Fu r the r  s t u d i e s  on t h e  o r g a n i c  compounds o f  
carbonaceous m e t e o r i t e s , "  Oro; " T h e o r e t i c a l  c a l c u l a t i o n s  
o f  t h e  a romat i c  and a1 i p h a t i c  hydrocarbons formed under 
p r e b i o t i c  c o n d i t i o n s , "  Dayhof f ;  "React ions caused by s i l e n t  
e l e c t r i c  d ischarge, "  Ponnamperuma; and "The s i g n i f i c a n c e  o f  
i n c l u s i o n s  i n  carbonaceous m e t e o r i t e s , "  M u e l l e r .  
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Plasma S tud ies  
W .  L ibby ,  L .  Wood, C .  Jensen 
The p r o d u c t i o n  and study o f  dense, h i g h  temperature 
plasmas through i n d u c t i v e  energy t r a n s f e r  have con t inued .  
I n  t h e  d e t e r m i n a t i o n  o f  d e n s i t y  and e l e c t r o n  temperature 
regimes a c c e s s i b l e  w i t h  p resent  equipment, e x t e n s i v e  use 
has been made o f  d i a g n o s t i c  techniques d e r i v e d  f rom mod- 
i f i c a t i o n s  o f  s p e c t r a l  l i n e  fo rma t ion  mechanisms by 
c o l l e c t i v e  i n t e r a c t i o n s  i n  w e l l  understood gases ( a t  l e a s t  
w i t h  rega rd  t o  quantum mechanics) such as hydrogen and he l i um.  
Q u a n t i  t a t  i v e  examinat i o n  o f  d e v i a t  ions f rom l o c a l  thermo- 
dynamic e q u i l i b r i u m  i n  p o r t i o n s  o f  t h e  plasmas ( b o t h  
s t a t i o n a r y  and s t reaming)  i n t o  wh ich  energy i s  i n j e c t e d  a t  
h i g h e s t  r a t e s  has a l s o  been c a r r i e d  o u t .  Progress has a l s o  
been made i n  t h e  s tudy o f  plasmas "dopedll w i t h  elements whose 
o s c i l l a t o r  s t r e n g t h s  a r e  p o o r l y  known, t h i s  l a c k  o f  knowledge 
be ing  an impediment t o  c u r r e n t  a s t r o p h y s i c a l  research .  
I n t e n s e ,  Shor t  Wavelength L i g h t  Sources 
W .  L ibby ,  L .  Wood, C .  Jensen 
E f f o r t s  t o  develop and employ i n tense  l i g h t  sources 
i n  t h e  u l t r a v i o l e t  and extreme u l t r a v i o l e t  p o r t i o n s  o f  
t h e  spectrum and t o  u t i l i z e  p o p u l a t i o n  i n v e r s i o n s  developed 
i n  some o f  these sources t o  s u s t a i n  coherent  o p t i c a i  
o s c i l l a t i o n  ( l a s e r  e f f e c t )  a t  v i s i b l e  and u l t r a v i o l e t  
wavelengths have y i e l d e d  cons ide rab le  p rog ress .  A recen t  
p r o d u c t  o f  these e f f o r t s  i s  a monochromatic E U V  plasma 
source  which i s  approx imate ly  two o r d e r s  o f  magnitude 
more i n tense  than any h i t h e r t o  a v a i l a b l e .  
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Hiqh Magnet ic  F i e l d s  P r o j e c t  
W .  L ibby ,  L .  Wood, C .  Jensen 
Measurements o f  Sky Br igh tness  and P o l a r i z a t i o n  
D u r i n g  t h e  S o l a r  Ec l  ipse  o f  12 November 1966 
Z .  Sekera, N .  Rao 
E f f o r t  has p r i n c i p a l l y  been p laced on f a b r i c a t i o n  
o f  superconduct ing  so leno ids  s u i t a b l e  f o r  genera t i on  o f  
con t inuous  magnet ic f i e l d s  i n  t h e  100 k i l o g a u s s  regime 
over  l i t e r  volumes. These so leno ids  w i l l  be u t i l i z e d  
i n  magnet ic  bremsstrgh lung dev ices f u n c t i o n i n g  as ve ry  
i n tense  E U V  dev ices which w i l l  be employed i n  s o l a r  simu- 
l a t i o n  s t u d i e s .  
S a t e l l i t e  Data A n a l y s i s  and S o l a r  and T e r r e s t r i a l  
Phenomena 
W .  L ibby ,  L .  Wood 
A n a l y s i s  o f  da ta  from t h e  f i r s t  O r b i t i n g  S o l a r  
Observatory  w i t h  regard  t o  s o l a r - t e r r e s t r i a l  r e l a t i o n s h i p s  
and c o r r e l a t i v e  comparison w i t h  a number o f  measurements 
of atmospher ic  a c t i v i t y  have been f r u i t f u l .  The n a t u r e  
o f  e n e r g e t i c s  and k i n e t i c s  o f  s o l a r  c o n t r o l  o f  t h e  upper 
p o r t i o n s  o f  t h e  t e r r e s t r i a l  atmosphere have been more 
t h o r o u g h l y  determined, and cons ide rab le  i n fo rma t  i on  b e a r i n g  
on t h e  e v o l u t i o n  o f  s o l a r  a c t i v i t y  c e n t e r s h e  been ob ta ined .  
A q u a n t i t a t i v e  e v a l u a t i o n  i s  be ing  made o f  t h e  
r o l e  o f  secondary and h ighe r  o r d e r  s c a t t e r i n g  i n  o r d e r  
t o  d e f i n e  t h e  ambient r a d i a t i o n  f i e l d  i n  a p l a n e t a r y  
atmosphere. The e v a l u a t i o n  i s  an a t tempt  t o  understand 
t h e  c o n t r a s t  t ransmiss ion  p r o p e r t i e s  o f  t h e  e a r t h ' s  
atmosphere and t h e  p h y s i c a l  processes govern ing  t h e  
t r a n s f e r  o f  e l e c t r o m a g n e t i c  r a d i a t i o n  i n  inhomogeneous 
and s p h e r i c a l  atmospheres. 
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Hvdrodvnamics and Cosmic Dust S tud ies  
U.  S h a f r i r  
Research con t inues  on t h e  h o r i z o n t a l  o s c i l l a t i o n s  
o f  spheres f a l l i n g  i n  a v iscous f l u i d ,  u t i l i z i n g  equ ip-  
ment on loan from UCLA a t  t he  I n s t i t u t e  o f  P lane ta ry  and 
Space Science, T e l - A v i v  U n i v e r s i t y .  
p a r t i c l e s ,  was a l s o  loaned t o  t h e  Cosmic Dust Labora tory  
a t  T e l - A v i v  U n i v e r s i t y .  Th is  l a b o r a t o r y  has p a r t i c i p a t e d  
i n  t h e  f o l l o w i n g  programs: 
( 1 )  Venus F l y t r a p - - t h r e e  sampl ing su r faces  were 
f lown and recovered from the  J u l y  1965 exper iment ;  con- 
t a m i n a t i o n  o f  t h e  su r faces  prec luded any e x t r a c t i o n  o f  
usef u 1 sc i en t i f i c i n f o  rmat ion . 
( 2 )  LUSTER--one sampl ing s l i d e  was f l own  and 
Equipment, i n c l u d i n g  a l i g h t  gas gun f o r  a c c e l e r a t i n g  
recovered i n  t h i s  program, o rgan ized by NASA’s Ames Research 
Center .  O p t i c a l  microscope, e l e c t r o n  microscope,  and 
e l e c t r o n  mic roprobe scanning o f  t h e  c o l l e c t i n g  su r faces  
a r e  underway. 
( 3 )  Gemini M iss ion - - two  o f  f o u r  c o l l e c t i n g  su r faces  
submi t ted  f o r  t h e  Gemini-9 cosmic dus t  exper iment  hope- 
f u l l y  w i l l  be used; a s i m i l a r  exper iment  i s  be ing  designed 
for  t h e  Gemini-10 m i s s i o n .  
I / I C , d , A ,  D& & 
Synop t i c  Study o f  t h e  Ionosphere D u r i n g  t h e  
Q u i e t  Sun P e r i o d  
(VSG 23’’j’-GZ 
S .  Venkateswaran 
Reduct ion o f  A l o u e t t e - 1  ionograms f o r  t h e  year 
1962-63 w i l l  y i e l d  40,000 e l e c t r o n  d e n s i t y - h e i g h t  p r o f i l e s  
t o  p r o v i d e  da ta  f o r  s t u d i e s  o f  ( 1 )  i onospher i c  t i d e s  a t  
F 2  max and above, ( 2 )  d i u r n a l  and seasonal development o f  
t h e  e q u a t o r i a l  anomaly, and ( 3 )  t h e  p o l a r  t rough .  
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Atomic Absorp t ion  Spectrometer 
4. Wasson 
Study o f  t he  B u t l e r  i r o n  m e t e o r i t e ,  i n  which i t  
has been found t o  have a h i g h  Ge/Ni r a t i o ,  h igh  N i  
con ten t ,  and h i g h  Ga and Ge con ten ts ,  has i n d i c a t e d  
t h a t  t h i s  o b j e c t  i s  an except ion  t o  two geochemical 
general  i z a t  ions rega rd ing  i r o n  m e t e o r i t e s .  
Enhancement o f  t he  Computing F a c i l i t y  
A research and development program has been 
underway by the  UCLA Computing F a c i l i t y  t o  i n v e s t i g a t e  
and, whenever d e s i r a b l e ,  i n c o r p o r a t e  i n t o  i t s  system 
innova t ions  which w i l l  enhance i t s  computa t iona l ,  
i n t e r p r e t i v e ,  and access p o t e n t i a l  f o r  t h e  UCLA space 
program. 
A t  t h e  present  t ime, d i r e c t  da ta  connect ion  
between t h e  7094 computer and p e r i p h e r a l  equipment 
and t h e  F a c i l i t y  has been completed. The connect ion 
j o i n s  t h e  7094, t h e  SWAC computer, and one o f  t h e  1401 
computers. An exper imenta l  console c o n s i s t i n g  o f  a 
T e k t r o n i x  permanent- t race cathode-ray tube and two 
e l e c t r i c  t y p e w r i t e r s  i s  a l s o  p a r t  of  t he  system. 
A l s o  o p e r a t i v e  i s  a v e r s i o n  o f  t h e  Hellerman 
PAT system which pe rm i t s  convenient  computat ions o f  
s t r u c t u r e d  operands. 
and exper iments i n  automat ic  r e c o r d i n g  o f  voluminous 
d a t a  a r e  proceed ing .  
equipment t o  f u r n i s h  ionospher ic  da ta  acqu i red  a t  NOTs 
(China Lake, C a l i f o r n i a )  v i a  o r d i n a r y  te lephone 1 ines .  
A second telephone da ta  se t  has been acqu i red ,  
Present p lans  a r e  f o r  i n s t a l  l a t i o n  o f  exper imenta l  
B I O L O G I C A L  S C I E N C E S  
M O N I T O R I N G  B R A I N  FUNCTIONS AND PERFORMANCE 
I N  THE PRIMATE UNDER PROLONGED WEIGHTLESSNESS 
NAS 2 -2503  
W.R. Adey, J . D .  French 
The b i o s a t e l l i t e  p r o j e c t  a t  UCLA i s  work ing  toward 
a launch da te  i n  e a r l y  1967 of a 30-day o r b i t a l  p r i m a t e  
f l i g h t .  Data o b t a i n e d  from t h i s  f l i g h t  by means o f  
t e l e m e t r y  and on-board reco rd ings  w i  1 1  p r o v i d e  in forma- 
t ion  r e g a r d i n g  t h e  space env i ronmenta l  e f f e c t s  o f  
we igh t lessness  and conf inement on c e n t r a l  nervous, au to -  
nomic, and c a r d i o v a s c u l a r  systems. I t  i s  a n t i c i p a t e d  
t h a t  these measurements w i l l  u l t i m a t e l y  p r o v i d e  answers 
r e g a r d i n g  s t a t e s  o f  v i g i l a n c e ,  behav io ra l  performance, 
rhythms o f  s l e e p i n g  and waking, and c a r d i o v a s c u l a r  and 
r e s p i r a t o r y  f u n c t i o n s  t o  be encountered under c o n d i t i o n s  
of p ro longed space f l i g h t .  
a biosystems t e s t .  Cooperat ing i n  these t e s t s  a r e  USC, 
UCB, JPL, Harbor General H o s p i t a l ,  NASA Ames Research 
Center ,  and General E l e c t r i c  Company. A l l  s u p p o r t i n g  
s p a c e c r a f t  equipment was checked upon a r r i v a l  f rom NASA/  
ARC. A d e t a i l e d  t e s t  p l a n  and procedure were w r i t t e n ,  
t e s t  t r a i l e r ,  and cab les  and s t a t u s  pane ls  were f a b r i c a t e d .  
An imp lan ted  p r ima te  was ma in ta ined  i n  a mock-up 
capsu le  f o r  30 days t o  t e s t  t h e  c o m p a t i b i l i t y  o f  t h e  
exper iments  w i t h  spacec ra f t  hardware and c o n f i g u r a t i o n .  
The r e s t r a i n t  subsystem was designed t o  p r o t e c t  t h e  
p r i m a t e  f rom excess i ve  f o r c e s  e x e r t e d  d u r i n g  launch and 
r e - e n t r y  p e r i o d s  and t o  secure him t o  waste c o l l e c t i o n  
systems. 
Ma jor  e f f o r t s  have been d i r e c t e d  p r i n c i p a l l y  toward 
tape and paper recordinr; o,qnipm~_nt ~ . A . I ~ s  Installed i n  a 
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Approx imate ly  15 p r imates  have been imp anted  and 
b e h a v i o r a l l y  t r a i n e d .  The b e h a v i o r a l  t r a i n i n g  o f  p r ima tes  
i s  designed t o  have t h e  monkey work f o r  food b s c u i t s  on 
two t a s k s .  These t e s t  h i s  c a p a c i t y  t o  t r a c k  a moving 
t a r g e t  and t o  d i s c r i m i n a t e  and t o  remember one o f  a s e t  
o f  four  randomly r e c u r r i n g  symbols f o r  a 20-second de lay  
p e r i o d .  
The exper imenta l  animal co lony  i s  be ing  increased 
i n  number due t o  a f l  i g h t  readiness requi rement  o f  30 days 
and t o  a b e t t e r  d e f i n i t i o n  o f  t h e  suppor t  r e q u i r e d  f o r  
q u a l i f i c a t i o n  and f l i g h t  acceptance t e s t i n g .  The es- 
t i m a t e d  goal  i s  t o  have 40 animals  o f  p roper  we igh t  and 
t r a i n i n g .  T h i s  r e q u i r e s  a t  l e a s t  80 animals  t o  be screened, 
t r a i n e d ,  and housed a t  UCLA. Consequent ly,  new behav io ra l  
t r a i n e r s  a r e  be ing  designed and c o n s t r u c t e d  t o  a c c e l e r a t e  
t r a i n i n g  and t o  double t h e  number o f  p r ima tes  undergoing 
t r a i n i n g .  
o r b i t  and recovery  a c t i v i t i e s  as w e l l  as f o r  t h e  q u a l i f i -  
c a t i o n  and f l i g h t  acceptance t e s t  suppor t  a t  General 
E l e c t r i c  i n  P h i l a d e l p h i a .  
An o p e r a t i o n s  p l a n  i s  be ing  developed f o r  launch 
F u t u r e  e f f o r t s  w i l l  be o r i e n t e d  t o  c o l l e c t i o n  o f  
exper iment  c o n t r o l  data,  spacecra f t  t e s t i n g ,  and f i n a l l y  
t h e  launch, o r b i t ,  and recovery  o p e r a t i o n s .  
A STUDY OF B R A I N  FUNCTIONS THROUGH ADVANCED 
COMPUTER T E C H N I Q U E S  FOR ANALYSIS OF E E G  DATA 
NsG 505 
J.D. French, W . R .  Adey 
There has been a s i g n i f i c a n t  increment i n  t h e  
c a p a b i l i t i e s  o f  t h e  l a b o r a t o r y ,  bo th  i n  types  of  computer 
programs i n  r o u t i n e  use and i n  t h e  development o f  a t ime-  
shared console c o n t r o l  system f o r  use w i t h  t h e  SDS 930 
compu t e r . 
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Based on our  p rev ious  exper ience w i t h  s p e c t r a l  
a n a l y s i s  as t h e  key t o o l  i n  a n a l y s i s  o f  bra in-wave records ,  
these e a r l i e r  methods have now been s u b s t a n t i a l l y  ex- 
panded, bo th  i n  t h e  r e p e r t o i r e  o f  a v a i l a b l e  procedures 
and i n  t h e  d i s p l a y  methods a v a i l a b l e  f o r  t h e  computed 
analyses.  One technique,  which we have c a l l e d  "evoked 
s p e c t r a l  a n a l y s i s , "  a l l o w s  a f u l l  examinat ion  o f  ex t remely  
b r i e f  epochs o f  record,  where these records  cover  repeated 
performances of  t h e  same or a s i m i l a r  t a s k  i n  man o r  
an ima ls .  Th i s  techn ique pe rm i t s  a very  f i n e  a n a l y s i s  bo th  
i n  an imals  and i n  da ta  f r o m  a s t r o n a u t  cand ida tes ,  w i t h  
i n d i c a t i o n s  t h a t  i t  w i l l  be p o s s i b l e  t o  separate E E G  
p a t t e r n s  i n  man accompanying dec is ion-mak ing  per formed 
i n  one second o r  t h r e e  seconds. No such capabi  1 i t y  has 
e x i s t e d  w i t h  any p r e v i o u s  a n a l y s i s  techn ique .  
th ree-d imens iona l  d i s p l a y  techniques f o r  t h e  purposes 
o f  d i s p l a y i n g  s p e c t r a l  d e n s i t y  analyses o f  t h e  E E G  i n  
r e l a t i o n  t o  whole body v i b r a t i o n  across  a spectrum o f  
5 t o  40 c y c l e s  pe r  second. 
A conso le  system a l l o w i n g  t i m e - s h a r i n g  by f i v e  
i n v e s t i g a t o r s  o f  t h e  SDS 930 computer has advanced t o  
t h e  stage o f  a p p l i c a t i o n  hardware. Two  such consoles have 
been a t tached  t o  t h e  SDS 930 and have f a c i l i t a t e d  i n p u t -  
f o rma t ion  and d i s p l a y  o f  computer r e s u l t s .  The coi isole 
w i l l  be i n s t a l l e d  i n  t h r e e  l a b o r a t o r i e s  o f  t h e  Space 
B i o l o g y  Labora tory ,  and i t s  e v a l u a t i o n  w i l l  proceed on 
t h e  b a s i s  o f  a c t u a l  exper imenta l  a p p l i c a t i o n .  I t  w i l l  
be a m o s t  f l e x i b l e  dev i ce  i n  t h e  hands o f  a s o p h i s t i c a t e d  
m a t h e m a t i c i a n - p h y s i o l o g i s t ,  as w e l l  as those who w ish  
mere l y  t o  command r a p i d l y  and f l e x i b l y  t h e  use o f  p re -  
pa red  sub rou t ines  a l ready  s t o r e d  i n  computer memory. 
Much e f f o r t  has gone i n t o  t h e  development o f  
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NEUROPHYSIOLOGICAL AND BEHAVIORAL 
S T U D I E S  OF CHIMPANZEES 
NsG 502 
J.D. French, W.R.  Adey 
Cons iderab le  e lec t roencepha log raph ic  da ta  were 
o b t a i n e d  from implanted chimpanzees p l a y i n g  an e l e c t r o n i c  
game o f  t i c - t a c - t o e .  The techn ique o f  d i s c r i m i n a n t  
a n a l y s i s  was a p p l i e d  t o  the  d a t a  and i n d i c a t e d  those E E G  
parameters which m o s t  r e l i a b l y  d i s t i n g u i s h  between d i f -  
f e r e n t  behav io ra l  s i t u a t i o n s .  T h i s  new a n a l y t i c  techn ique 
was developed i n  ou r  l a b o r a t o r y  by D r .  D .  W a l t e r .  
i n  t h e  complex ly  o rgan ized  b r a i n ,  a new l e a r n i n g  paradigm 
has been designed and cons t ruc ted  fo r  t h e  chimpanzees. 
T h i s  new apparatus encompasses t h e  chimpanzees' i n t e l l e c t u a ;  
a b i l  i t y  and p rov ides  incrementa l  l e a r n i n g  o p p o r t u n i t i e s ,  
as w e l l  as t e s t i n g  s h o r t - t e r m  memory. I n  o r d e r  t o  p r o p e r l y  
a c q u i r e  and r e t a i n  t h i s  complex da ta  i n  p rocessab le  f o r m ,  
we w i l l  app ly  our  newly developed o n - l i n e  t i m e - s h a r i n g  
conso le  system a t tached  t o  a medium-sized h i g h  speed 
d i g i t a l  computer. T h i s  w i l l  p e r m i t  t h e  i n v e s t i g a t o r  t o  
d e f i n e  performance c r i t e r i a ,  p repare  t h e  e n t i r e  s t r a t e g y  
of  t h e  exper iment ,  and pass c o n t r o l  t o  h i s  se tup  and 
i Cur,t i-o 1 . L -.- wllr=llevei- d e s l r e d  fzlr n d l f l c s t l e n ,  
de lay ,  or  o t h e r  i n t e r v e n t i o n .  
I t  i s  p lanned t o  combine t h e  v a r i o u s  techn iques  
o f  mathemat ica l  a n a l y s i s  o f  E E G  da ta  developed i n  t h i s  
l a b o r a t o r y  ( s p e c t r a l  a n a l y s i s ,  p a t t e r n  r e c o g n i t i o n  
techn iques ,  d i s c r i m i n a n t  a n a l y s i s )  w i t h  impedance d a t a  
t o  s tudy  t h e  mechanisms o f  l e a r n i n g  and behav io r  i n  t h e  
chimpanzees. B r a i n  s t u d i e s  have h i t h e r t o  been con f ined  
t o  t h e  e v a l u a t i o n  o f  t h e  e l e c t r i c a l  m a n i f e s t a t i o n  o f  
b r a i n  f u n c t i o n  i n  v o l t a g e  waves. Impedance techn iques  
p e r m i t  o b s e r v a t i o n  o f  on-go ing  processes n o t  revea led  
I n  our  s tudy  of  processes o f  i n f o r m a t i o n  t r a n s a c t i o n  
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i n  t h e  EEG, p a r t i c u l a r l y  processes o c c u r r i n g  a t  t h e  
c e l l u l a r  l e v e l  as t i s s u e  undergoes m e t a b o l i c  t r a n s i t i o n .  
COMPUTER ANALYSIS OF E E G  DATA FOR A NORMATIVE LIBRARY 
NAS 9- 1970 
J.D. French, W.R.  Adey 
The normat ive  l i b r a r y  o f  t h e  human EEG,  assessed 
by computer i n  r e l a t i o n  t o  behav io ra l  s t a t e s ,  has been 
completed under t h e  d i r e c t i o n o f  D r .  D .  W a l t e r .  EEGs 
were summarized by s p e c t r a l  a n a l y s i s ,  and t h e  techn ique 
o f  d i s c r i m i n a n t  a n a l y s i s  was a p p l i e d  t o  t h e  s p e c t r a l  
da ta .  T h i s  a n a l y s i s  i n d i c a t e d  those E E G  parameters 
which most re1 i a b l y  d i s t i n g u i s h  between d i f f e r e n t  be- 
h a v i o r a l  s i t u a t i o n s .  
The p a t t e r n  o f  b r a i n  waves on t h e  s c a l p  o f  t h e  
"average" A i r  Force p i l o t ,  i n c l u d i n g  q u a n t i t a t i v e  diagrams 
o f  t h e  c loseness o f  r e l a t i o n s h i p  between t h e  t w o  b r a i n  
hemispheres, i s  among t h e  p i t h y  summary r e s u l t s  o f  t h i s  
l a r g e  p r o j e c t .  
and dimensions f o r  assessment o f  abnormal i t i e s  a r i s i n g  
e i t h e r  i n  med ic ine  o r  i n  the unusual env i ronments t o  
wh ich  men a r e  i n c r e a s i n g l y  s u b j e c t i n g  themselves. 
T h i s  l i b r a r y  o f  da ta  p r o v i d e s  re fe rence p o i n t s  
C O N T I N U I N G  B A S I C  PROGRAM I N  SPACE BIOLOGY 
AF 49(638)-1387 
J.D. French, W . R .  Adey 
Our s t u d i e s  have p laced i n c r e a s i n g  emphasis on 
b a s i c  c e l l u l a r  mechanisms i n  b r a i n  t i s s u e  l i k e l y  t o  be 
m o d i f i e d  by exposure t o  aerospace f l  i g h t .  
The s u r f a c e  phenomena i n  c u l t u r e d  neuron membranes 
have been s t u d i e d  by D r .  R .  E l u l ,  w i t h  examinat ion  o f  t h e  
i o n - b i n d i n g  p r o p e r t i e s  of macromolecular i n t e r c e l l u l a r  
substance a t  t h e  c e l l  su r face  and t h e  r o l e  o f  t h i s  
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substance i n  de te rm in ing  the  volume o f  e x t r a c e l l u l a r  
f l u i d  i n  t h e  b r a i n .  T h i s  work appears t o  represent  a 
ma jor  c o n t r i b u t i o n  t o  t h e  f i e l d .  
under D r .  C .  B a t i n i  and M i s s  S .  Bawin, w i t h  e v a l u a t i o n  
of s leep-wakefu lness p a t t e r n s  o f  monkeys w i t h  b r a i n s  
s p l i t  down t o  lower mesencephal ic a reas .  The a l t e r e d  
d i u r n a l  c y c l i n g s  found here a r e  cons idered r e l e v a n t  t o  
problems o f  s leep  c o n t r o l .  Other n e u r o p h y s i o l o g i c a l  
system s t u d i e s  by D r .  R .  Berger have inc luded  e v a l u a t i o n  
of  spontaneous eye movements over  l ong  p e r i o d s  o f  growth 
and development i n  monkeys depr i ved  o f  l i g h t  f rom b i r t h ;  
i n v e s t i g a t i o n  by D r .  W .  Win ters  o f  t h e  c e n t r a l  a c t i o n  
o f  c l i n i c a l  a n e s t h e t i c  agents ;  and s tudy by D r .  C .  B a t i n i  
o f  t h e  o r g a n i z a t i o n  o f  a f f e r e n t  systems t o  c e l l s  o f  t h e  
c e r e b e l l a r  c o r t e x ,  which i s  a concern i n  sensory i n t e -  
g r a t  i on  necessary f o r  s p a t i a l  o r i e n t a t i o n .  
a c t i v i t y ,  ou r  systems o f  p r o d u c t i o n - o r i e n t e d  s p e c t r a l  
a n a l y s i s  and p r e s e n t a t i o n  programs have been a p p l i e d  t o  
a l a r g e  and v a r i e d  spec t ra  o f  s t u d i e s ,  i n v o l v i n g  b o t h  
l o w  f requency waves o f  t h e  EEG and t h e  r e l a t i o n  between 
such waves and t h e  e x p l o s i v e  "sp ikes"  generated w i t h i n  
s i n g l e  nerve  c e l l s .  
Work i s  complete on t h e  es tab l i shmen t  o f  normai 
b a s e l i n e s  and ranges o f  normal f o r  E E G  p a t t e r n s  and 
t h e i r  responses t o  v a r y i n g  s i t u a t i o n s ,  a s tudy which 
i n v o l v e d  computer a n a l y s i s  o f  many segments o f  d a t a  
f r o m  many i n d i v i d u a l s  undergoing s tandard i zed  exper iences .  
Some o f  t h e  g r a p h i c  methods o f  p r e s e n t i n g  these r e s u l t s  
have been developed through seve ra l  s tages o f  r e f i n e -  
ment and rep resen t ,  we b e l i e v e ,  un ique accomplishments 
i n  t h e  comprehensible compression o f  voluminous da ta .  
Work i s  a l s o  c o n t i n u i n g  under D r .  D .  Wa l te r  on t h e  
nove l  methods o f  d i s c r i m i n a t i n g  re1  i a b l y  among s u b j e c t s '  
expe r iences  s o l e l y  on t h e  b a s i s  o f  E E G  records .  
S tud ies  o f  b a s i c  s leep mechanisms have con t inued  
I n  t h e  area o f  computer a n a l y s i s  o f  c e r e b r a l  
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Developments i n  b i o i n s t r u m e n t a t i o n  con t inue ,  w i t h  
t h e  m i n i a t u r i z a t i o n  o f  t h e  m u l t i c h a n n e l  b i o t e l e m e t r y  
system f o r  e a s i e r  at tachment t o  s u b j e c t s .  The systems 
have been used by R .  Zweiz ig ,  A .  Jacobson, and D r .  A .  
Ka les  i n  a broad range o f  exper iments f rom t h e  s tudy o f  
s leep  p a t t e r n s  i n  t h e  chimpanzee i n  t h e  u n r e s t r a i n e d  
s t a t e  t o  24-hour record ings  f r o m  p a t i e n t s  w i t h  chron-  
i c a l l y  implanted e l e c t r o d e s .  I n  a d d i t i o n  t o  c e n t r a l  
and p e r i p h e r a l  nervous system m o n i t o r i n g ,  R .  Kado i s  
work ing  on t h e  p o s s i b i l i t y  o f  i m p l a n t i n g  a b i o t e l e m e t r y  
system i n  t h e  h e a r t  t o  mon i to r  c a r d i a c  b lood f l o w  and 
o u t p u t ,  
SUMMER I N S T I T U T E  FOR SPACE B I O L O G Y  AT UCLA 
N A S r - 2 4 1  
J. D.  French 
The c u r r i c u l u m  for  t h i s  course, which p r o v i d e s  a 
b r i e f  survey o f  t h e  e n t i r e  gamut o f  p h y s i o l o g i c a l  
f u n c t i o n s  and t h e  p o s s i b l e  problems i n  mammalian 
p h y s i o l o g y  which c o u l d  be and f r e q u e n t l y  a r e  brought  
about by exposure t o  t h e  aerospace environment,  i s  de- 
s igned t o  f i l l t h e  need beyond t h e  immediate r e q u i r e -  
ments f o r  those s tuden ts  who a r e  c o n s i d e r i n g  a ca ree r  
i n  space b i o i o g y .  
b a s i s  of r e p l i e s  rece ived  f o l l o w i n g  d i s t r i b u t i o n  of  
s y l l a b u s  i n f o r m a t i o n  t o  more than 1200 schoo ls  and 
c o l l e g e s .  T w e n t y - f i v e  s tuden ts  were s e l e c t e d  f rom more 
than  70 a p p l i c a n t s ,  r e p r e s e n t i n g  a c r o s s - s e c t i o n  o f  
geographic  reg ions  o f  t h e  c o u n t r y .  A p p l i c a t i o n s  from 
s tuden ts  a r e  f r e q u e n t l y  accompanied by s t r o n g  l e t t e r s  o f  
suppor t  for  t h e  i n d i v i d u a l  cand ida te ,  t oge the r  w i t h  an 
exp ress ion  o f  a p p r e c i a t i o n  o f  t h e  importance o f  t h e  
s u b j e c t  m a t t e r ,  e s p e c i a l l y  t o  those s tuden ts  p l a n n i n g  a 
c a r e e r  i n  l i f e  sc ience research.  Enro l lment  i s  r e s t r i c t e d  
Students  f o r  t h i s  I n s t i t u t e  a r e  s e l e c t e d  on t h e  
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and inc ludes  o n l y  those s tuden ts  a t  t h e  j u n i o r  and s e n i o r  
l e v e l s .  
To o b t a i n  maximum exposure t o  t h i s  s u b j e c t ,  e x p e r t s  
i n  mathematics,  phys i cs ,  and r a d i o l o g y  a r e  i nc luded  among 
t h e  f a c u l t y ,  and they a r e  augmented by t h e  a b l e  a s s i s t a n c e  
o f  t h e  UCLA B r a i n  Research I n s t i t u t e  and i t s  h i g h l y  qua l -  
i f i e d  s t a f f  o f  s p e c i a l i s t s  i n  such f i e l d s  as ca rd iovas -  
c u l a r ,  rena l  p h y s i o l o g i c a l ,  m e t a b o l i c ,  e n d o c r i n o l o g i c a l ,  
and env i ronmenta l  p h y s i o l o g i c a l  s t u d i e s .  
t h e  i n t e r r e l a t i o n s h i p s  o f  b i o l o g y ,  eng inee r ing ,  and 
mathematics,  as w e l l  as o t h e r  d i s c i p l i n e s ,  and t h e i r  
interdependence i n  t h e  m iss ion  o f  space p e n e t r a t i o n ,  t h e  
o u t s i d e  ass i s tance  o f  r e p r e s e n t a t i v e s  o f  Douglas A i r c r a f t  
Company, J e t  P ropu ls ion  L a b o r a t o r i e s ,  L i t t o n  Systems, 
N o r t h  American A v i a t i o n ,  and Vandenburg AFB i s  en1 i s t e d  
i n  t h e  form o f  guided t o u r s ,  demonstrat ions,  and l e c t u r e -  
d i s c u s s i o n  sess ions,  thus  enabl  i n g  s tuden ts  t o  observe 
f i r s t - h a n d  some of t h e  inner  work ings of t h e  aerospace 
i n d u s t r y .  
S ince t h e  c o u r s e ' s  a i m  i s  t o  e x p l o r e  and develop 
PROGRAM TO A S S E S S  BAS I C  PHENOMENA UNDERLYING BEHAVIORAL 
ASPECTS OF COMPLEX LIVING SYSTEMS I N  SPACE 
NsG 2 3 7 - 6 2  
J .E. F rench;  W . R .  Adev 
Occupancy of  l a b o r a t o r i e s  i n  t h e  new space sc ience 
b u i l d i n g ,  which began i n  January 1966, has proceeded as 
r a p i d l y  as p o s s i b l e  i n  o r d e r  t o  f u l f i l l  l o n g - s t a n d i n g  
commitments t o  programs i n  c e r e b r a l  u l t r a s t r u c t u r e ,  c y t o -  
chemis t r y ,  and e l e c t r o l y t e  mechanisms. 
o p e r a t i o n  s h o r t l y  and has been p r o v i d e d  t e c h n i c a l  s t a f f  
and a n c i l l a r y  f a c i l i t i e s  t o  a l l o w  o p e r a t i o n  on a shared 
b a s i s  by a s e r i e s  o f  i n v e s t i g a t o r s .  Programs a r e  now 
proceed ing  under D r .  R .  E l u l  t o  use t h i s  f a c i l i t y  f o r  
i n v e s t i g a t i o n  o f  t h e  mucoprote in  and mucopolysacchar ide 
An e l e c t r o n  microscopy l a b o r a t o r y  w i l l  commence 
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l a y e r s  c o v e r i n g  c e r e b r a l  neurons and n e u r o g l i a l  c e l l s  
( t h e  s o - c a l l e d  "g lycoca lyces" )  and t h e  m o d i f i c a t i o n s  
induced i n  these substances by d i v a l e n t  c a t i o n s  such as 
ca l c ium.  Cur ren t  i n v e s t i g a t i o n s  by H. Wang, R .  Kado, 
and D r .  Adey have i n d i c a t e d  a key r o l e  f o r  ca l c ium ions  
i n  t h e  e l e c t r i c a l  impedance o f  c e r e b r a l  t i s s u e  th rough 
modu la t i on  o f  c o n d u c t i v i t y  i n  e x t r a c e l l u l a r  f l u i d  con- 
t a i n i n g  s u b s t a n t i a l  amounts o f  macromolecular m a t e r i a l .  
exper iments have a l s o  been a c t i v a t e d ,  w i t h  s p e c i a l  
i n t e r e s t s  i n  e f f e c t s  o f  i o n i c  m a n i p u l a t i o n  i n  c e r e b r a l  
t i s s u e  on e lec t roencepha log raph ic  a c t i v i t y ,  f o c a l  c e r e b r a l  
impedance measurements and behav io ra l  performances ( D r .  
Z .  E l a z a r ) .  Other i n v e s t i g a t i o n s  by J .  Hamer and R .  
Kado i n c l u d e  s t u d i e s  i n  man o f  t h e  e f f e c t s  o f  low f r e -  
quency e l e c t r o s t a t i c  and e lec t romagne t i c  f i e l d s  on v i s u a l  
d i s c r i m i n a t i v e  performances and concomi tant  E E G  a c t i v i t y ,  
w i t h  emphasis on es tab l i shmen t  o f  c r i t e r i a  f o r  t h r e s h o l d s  
under which s t i m u l i  may mod i fy  performance and c e r e b r a l  
p h y s i o l o g i c a l  a c t i v i t y .  The e f f e c t s  o f  complete separa- 
t i o n  o f  c e r e b r a l  hemispheres and m i d b r a i n  s t r u c t u r e s  i n  t h e  
monkey on e l e c t r i c a l  s leep p a t t e r n s  i n  t h e  two hemispheres 
a r e  be ing  eva lua ted  by D r .  C .  B a t i n i  and Miss  S .  Bawin. 
A comprehensive s p e c t r a l  a n a l y s i s  o f  more than 
f i v e  hours o f  EEG da ta  from ASLL i - f i f iS i i t  Frz::!< Bo!man I n  
Gemini f l i g h t  G t - 7  has been completed, w i t h  assessment 
o f  s t a t e s  o f  s leep  and wakefulness th roughout  t h i s  p e r i o d  
and comparison w i t h  comparable t e r r e s t r i a l  reco rds .  
C e r t a i n  p e r s i s t e n t  changes i n  e l e c t r i c a l  p a t t e r n s  i n  t h e  
waking s t a t e  i n  space were noted,and e v a l u a t i o n  i s  con- 
t i n u i n g  under D r .  Adey, D r .  D .  Wa l te r ,  and R .  Kado. 
Neurophys io log i ca l  r e c o r d i n g  l a b o r a t o r i e s  f o r  
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STUDY OF M I C R O  AND MACRO D I S T R I B U T I O N  OF ENERGY 
ABSORBED BY T I S S U E  FROM HIGH ENERGY PROTONS 
NsG 237-62  
N .  B a i l y  
Arrangements have been made t o  use t h e  new 
c y c l o t r o n  a t  V i r g i n i a  Assoc ia ted  Research Center t o  
supplement t h e  s e r i e s  o f  c e n t e r l i n e  depth  dose curves 
o b t a i n e d  th rough use o f  broad monoenerget ic  p r o t o n  
beams hav ing  energ ies  o f  20 Mev and 45 Mev a t  Uc la  
and 630 Mev and 730 Mev a t  Berke ley .  Pro ton  beams 
hav ing  energ ies  o f  300 Mev and 600 Mev a r e  a v a i l a b l e  
a t  t h e  V i r g i n i a  f a c i l i t y .  I n s t r u m e n t a t i o n  r e q u i r e d  
f o r  these exper iments has been prepared.  
Data have been ob ta ined  on t h e  o p e r a t i n g  charac-  
t e r i s t i c s  o f  s p h e r i c a l  p r o p o r t i o n a l  coun te rs  which w i l l  
be used t o  determine microdose d i s t r i b u t i o n s  de l  i v e r e d  
t o  v a r i o u s  depths i n  t i s s u e  by t h e  monoenerget ic p r o t o n  
beams. S tud ies  i n c l u d e  performance c h a r a c t e r i s t i c s  as 
a f u n c t i o n  o f  e l e c t r o d e  design, c e n t r a l  w i r e  d iameter ,  
and g u a r d - r i n g  p o t e n t i a l .  A d d i t i o n a l  t e s t s  w i l l  be 
conducted w i t h  t h e  UCLA c y c l o t r o n .  
PATTERN R E C O G N I T I O N  OF SENSORY SIGNALS I N  ANIMALS 
NsG 237-62 
T .  H .  B u l l o c k  
Research a c t i v i t i e s  d u r i n g  t h e  r e p o r t i n g  p e r i o d  
have centered  on t w o  areas: De te rm in ing  i f  t h e  nervous 
system can u t i l i z e  d i f f e r e n t  temporal  p a t t e r n s  i n  streams 
o f  nerve  impulses on a f i n e  s c a l e  t o  c a r r y  d i f f e r e n t  
meanings and s tudy  o f  t he  mechanism o f  t h e  c i r c a d i a n  
or d a i l y  rhythm found i n  s o  many animals  and i n  man. 
A s e r i e s  of  exper iments i n  these areas has y i e l d e d  
p r o m i s i n g  r e s u l t s ,  and data a r e  b e i n g  analyzed and 
e v a l  uated.  
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M I D B R A I N  INFLUENCES ON CENTRAL VESTIBULAR A C T I V I T Y  
NsG 2 3 7 - 6 2  
C .  Markham 
The o b j e c t i v e  o f  t h i s  research i s  t o  b e t t e r  d e f i n e  
t h e  r o l e  o f  t h e  v e s t i b u l a r  system i n  t h e  c o n t r o l  o f  p o s t u r e  
and eye movement. A t t e n t i o n  i s  be ing  focused on neuronal  
a c t i v i t y  i n  t h e  v e s t i b u l a r  nuc leus,  v e s t i b u l a r  i n t e r -  
a c t i o n  w i t h  c e n t e r s  i n  t h e  m i d b r a i n  and diencephalon, 
and compensatory mechanisms i n  t h e  v e s t i b u l a r  complex 
f o l l o w i n g  i n j u r y  t o  d i f f e r e n t  p a r t s  o f  t h e  nervous 
system. The e f f e c t s  o f  s t i m u l a t i o n  of d i f f e r e n t  mid- 
b r a i n  s i t e s  on v e s t i b u l a r  nuc leus neurons which a r e  
responsive t o  s t i m u l a t i o n  f rom t h e  p o s t e r i o r  and a n t e r i o r  
s e m i c i r c u l a r  cana ls  and the u t r i c l e  a r e  be ing  sought 
i n  o r d e r  t o  determine whether t h e  i n h i b i t o r y  a c t i o n  
o f  t h e  i n t e r s t i t i a l  nucleus o f  Ca ja l  i s  a g e n e r a l i z e d  
e f f e c t  on i p s i l a t e r a l  " type 1" neurons o r  i s  l i m i t e d  t o  
those connected w i t h  t h e  h o r i z o n t a l  s e m i c i r c u l a r  c a n a l .  
AUTONOMIC RESPONSE PATTERNS 
NsG 2 3 7 - 6 2  
M .  Wenger, T .  C u l l e n  
.-^ I t t a , , , , , , h i p  1 -+  : - -?  n f  p a t t e r n s  o f  a u t o n o m i c a l l y  
mediated a c t i v i t y  i n  man t o  o t h e r  dimensions o f  behavior  
and t o  t h e  occurrence o f  psychosomatic and o t h e r  abnormal 
responses t o  s t r e s s o r s  i s  b e i n g  i n v e s t i g a t e d .  A f o l l o w - u p  
s tudy  o f  2 1 ? 2  cadets  t e s t e d  i n  1944 i s  be ing  conducted 
t o  determine t h e  va lue  o f  p h y s i o l o g i c a l  measurements f o r  
t h e  p r e d i c t i o n  o f  combat performance and subsequent de- 
velopment o f  d i s o r d e r s .  Comparative i n v e s t i g a t i o n s  o f  
p h y s i o l o g i c a l  response p a t t e r n s  i n  o t h e r  normal and 
d e v i a n t  groups a r e  be ing  made. 
An i n v e s t i g a t i o n  has a l s o  been made o f  problems 
i n  t h e  q u a n t i f i c a t i o n  o f  p h y s i o l o g i c a l  responses. 
A n a l y s i s  o f  d a t a  f o r  a study on t h e  o p e r a t i o n  o f  t h e  law 
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of nitial value in different physio ogical functions 
was completed, and a theoretical ana ysis was made o f  
the physiological basis of the galvanic skin response, 
results of which provide a rationale for use o f  log 
conductance as the scale o f  measurement for electro- 
dermal activity. 
E N G I N E E R I N G  
THEORETICAL AND EXPERIMENTAL S T U D I E S  OF 
OPTIMUM STRUCTURAL D E S I G N  
NsG 423-65 
F . R .  Shanley 
The purpose o f  t h e  c u r r e n t  research  p r o j e c t  i s  
t o  p u t  optimum design on a sound s c i e n t i f i c  b a s i s  and 
t o  s u b s t a n t i a t e  t h e  ex tens ion  o f  optimum design methods 
t o  more complex s t r u c t u r e s  by t e s t  programs. T h e o r e t i c a l  
and exper imenta l  s t u d i e s  have been o r  a r e  be ing  c a r r i e d  
o u t  i n  t h e  f o l l o w i n g  areas: 
Compress ion  
E c c e n t r i c  Columns--an i n t e r a c t i o n  method for  t h e  
a n a l y s i s  o f  beam-columns and e c c e n t r i c a l l y  loaded c o l -  
umns has been developed which i nc ludes  t h e  e f f e c t s  o f  
i n e l a s t i c  buck l  ing ,  l o c a l  buck l  ing ,  secondary bending, 
and o t h e r  f a c t o r s .  The accuracy o f  t h e  method has been 
v e r i f i e d  by t e s t s  and by a p p l i c a t i o n  t o  t e s t  d a t a  a v a i l -  
a b l e  i n  p u b l i s h e d  l i t e r a t u r e .  A s imp le  method o f  d i r e c t  
optimum des ign  has been developed, u t i l i z i n g  t h i s  method 
o f  a n a l y s i s ,  which inc ludes  t h e  e f f e c t s  o f  d imensional  
c o n s t r a i n t s .  
Wide Columns-- tests  on 26 60° co r ruga ted  w ide  
columns show good agreemerit w i t h  t h e c r y .  4. comparison 
has been made between 60' and 90" co r ruga ted  wide 
columns, showing t h e  e f f i c i e n c y  o f  t h e  60' c o r r u g a t i o n s .  
F l u t e d  Columns--a s tudy  o f  f l u t e d  tubes i n  
compress ion  has been undertaken. 
Bendinq 
Wide Beam--14 t e s t s  have been conducted t o  v e r i f y  
t h e  t h e o r e t i c a l  minimum weigh t  curves  f o r  60° co r ruga ted  
wide beams. Added e f f i c i e n c y  was o b t a i n e d  by a r r a n g i n g  
t h e  c r o s s - s e c t i o n  so t h a t  t w o  modes o f  f a i l u r e  occur  a t  
t h e  same t i m e .  Good agreement was found between t e s t  
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and t h e o r y .  
Tors ion  
A t e s t  f i x t u r e  capable o f  a p p l y i n g  300,000 
inch-pounds o f  t o rque  has been c o n s t r u c t e d .  I t  has been 
used t o  t e s t  co r ruga ted  c y l i n d e r s  and pentagonal  tubes 
i n  t o r s i o n .  Ten t e s t s  have been completed. The r e s u l t s  
correspond w e l l  w i t h  theo ry .  
Shear 
A f i x t u r e  has been c o n s t r u c t e d  for  t h e  t e s t i n g  o f  
co r ruga ted  shear pane ls .  Several  t e s t s  have been con- 
ducted,  and t h e  s tudy i s  n e a r i n g  comp le t i on .  
System O p t i m i z a t i o n  
A t h e o r e t i c a l  s tudy has been undertaken on t h e  
o p t i m i z a t i o n  o f  s t r u c t u r a l  systems. Up- to -da te  techn iques  
o f  mathemat ica l  programming a r e  be ing  u t i l i z e d .  Emphasis 
i s  on f o r m u l a t i o n  o f  o p t i m i z a t i o n  problems f o r  s o l u t i o n  
by d i g i t a l  computer. 
I N V E S T I G A T I O N  OF C E R A M I C S  A S  STRUCTURAL MATERIALS 
NsG 427 
F.R. Shanley, W.J. Knapp 
D i r e c t e d  toward t h e  success fu l  u t i l i z a t i o n  o f  
ceramic m a t e r i a i s  i n  S t r u L t u i - a I  app l  i c a t i ~ n s ,  I n ~ ~ t i -  
g a t i o n s  completed d u r i n g  t h e  r e p o r t i n g  p e r i o d  a re :  
Load-Bear ina C h a r a c t e r i s t i c s  o f  Pres t ressed 
Ceramic P l a t e s - - t h i s  study concerned t h e  l oad -bear ing  
c a p a c i t i e s  and l o a d / d e f l e c t i o n  r e l a t i o n s h i p s  f o r  u n i -  
a x i a l l y  and b i a x i a l l y  p res t ressed  ceramic p l a t e s .  
o f  a Ceramic M a t e r i a l - - t h i s  work concerned development 
o f  ceramic s t r u c t u r a l  elements which possess h i g h  
mechanical  s t r e n g t h  and l i g h t w e i g h t  c h a r a c t e r i s t i c s  and 
which a r e  g e o m e t r i c a l l y  designed t o  f a c i l i t a t e  p r e s t r e s s i n g  
E f f e c t s  o f  D i r e q t i o n a l  C e l l u l a t i o n  on t h e  S t r e n g t h  
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of  t h e  m a t e r i a l  for  a d d i t i o n a l  s t r u c t u r a l  appl  i c a t i o n s .  
D i r e c t i o n a l  c e l l u l a t i o n  was in t roduced  i n t o  ceramic 
s t r u c t u r a l  e lements.  
Load D e f l e c t i o n  C h a r a c t e r i s t i c s  o f  a Ceramic S lab  
Under B i a x i a l  P r e s t r e s s i n g - - t h i s  i n v e s t i g a t i o n  c o n s i s t e d  
o f  d e t e r m i n a t i o n  of t h e  s t i f f n e s s  p r o p e r t i e s  o f  a t w o -  
way p r e s t r e s s e d  b lock-ceramic  s l a b  and comparison o f  
t h e  e m p i r i c a l l y  determined q u a n t i t i e s  w i t h  e l a s t i c  p l a t e  
t h e o r y  e 
Subjec ted  t o  Thermal Shock-- the improvement i n  thermal  
shock r e s i s t a n c e  a f f o r d e d  t o  ceramic p l a t e s  by t h e  
i m p o s i t i o n  o f  b i a x i a l  p r e s t r e s s i n g  has been q u a n t i -  
t a t i v e l y  determined i n  t h i s  s tudy .  
Behavior o f  B i a x i a l l y  Pres t ressed Ceramic P l a t e s  
Two areas i n  which i n v e s t i g a t i o n  i s  c o n t i n u i n g  
a r e :  
S t r e n g t h  o f  Some Ceramics C o n t a i n i n g  H o l l o w  Glass 
Spheres- - t h i s research  concerns t h e  bend ing-  s t  reng th  / 
we igh t  c h a r a c t e r i s t i c s  o f  ceramic specimens made by 
i n c o r p o r a t i n g  h o l l o w  g lass  spheres i n  a g l a s s  m a t r i x .  
Dome- - fab r i ca t i on  o f  p res t ressed  ceramic elements w i t h  
double c u r v a t u r e  i s  underway, w i t h  p a r t i c u l a r  emphasis 
on u t i l i z a t i o n  o f  such elements as b u i l d i n g  u n i t s  f o r  
! a r ~ e r  ~ t r i ~ c t u r e s .  
F a b r i c a t i o n  l__l_ and T e s t i n g  o f  a P res t ressed  Ceramic 
BSD ( R T D )  BALLISTIC M I S S I L E  R E T A R G E T I N G  STUDY 
AF 04 (694)-826 
C . T .  Leondes, E . B .  S t e a r ?  A . R .  Stubberud 
DeveloDment o f  A lao r i t hms  f o r  Advanced I C B M  
Reference T r a j e c t o r y  De te rm ina t ion  
Sequen t ia l  O p t i m i z a t i o n  o f  I C B M  T r a j e c t o r i e s  ( D .  
I saacs ,  R.Niemann)--Both a l g o r i t h m s  f o r  d e t e r m i n i n g  
I C B M  r e f e r e n c e  t r a j e c t o r i e s  have been runn ing  on  t h e  
I B M  7094 d i g i t a l  computer. The m o s t  r e c e n t  s t u d i e s  on 
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the  computer have invo lved  s i m u l a t i o n  o f  a r e a l  t ime  i n  
f l  i g h t  d e t e r m i n a t i o n  o f  I C B M  re fe rence  t r a j e c t o r i e s  
u s i n g  these a l g o r i t h m s .  The c a l c u l a t i o n s  have been ve ry  
success fu l ,  and i t  appears t h a t  these a l g o r i t h m s  p r o v i d e  
e f f e c t i v e  methods f o r  e x p l i c i t  advanced I C B M  guidance. 
j e c t o r i e s  (R.Niemann, G.Paine)--The sequen t ia l  o p t i m i z a -  
t i o n  techniques developed i n  t h i s  program have inc luded  
techniques f o r  de te rm in ing  t h e  t ime  o f  f l i g h t  as p a r t  
o f  t h e  I C B M  re fe rence  t r a j e c t o r y  d e t e r m i n a t i o n .  S tud ies  
a r e  a l s o  be ing  c a r r i e d  o u t  t o  determine i f  more compu- 
t a t i o n a l  l y  e f f i c i e n t  techniques f o r  f l  i g h t - t i m e  determina-  
t i o n  can be evo lved.  
A lgo r i t hms  f o r  V a r i a b l e  F l i g h t  Time I C B M  Tra-  
Reference T r a j e c t o r y  De te rm ina t ion  Opt imized Wi th  
Respect t o  C . E . P .  (E.Volgenau)--The o b j e c t  o f  t h i s  s tudy 
was t o  develop a sys temat ic  means f o r  deve lop ing  b a l l i s t i c  
m i s s i l e  re fe rence  t r a j e c t o r i e s  i n  a way t h a t  w i l l  improve 
m i s s i l e  accuracy.  
A number o f  computer runs have been made, u s i n g  
two d i f f e r e n t  h y p o t h e t i c a l  boos ters ,  a l a r g e ,  two-stage 
1 i q u i d  I C B M  and a smal le r  t h r e e - s t a g e  s o l  i d  I C B M .  Re- 
s u l t s  showed a s i g n i f i c a n t  improvement i n  m i s s i l e  accuracy 
ove r  t h a t  achieved when a minimum energy t r a j e c t o r y  i s  
used. 
Advanced I C B M  Re-ent ry  Veh ic le  Techniques 
Th is  phase o f  t h e  program i s  concerned w i t h  de- 
t e r m i n a t i o n  o f  techniques f o r  advanced I C B M  r e - e n t r y  
v e h i c l e s  o f  e i t h e r  t h e  m u l t i p l e  warhead type,  t h e  
advanced maneuvering r e - e n t r y  v e h i c l e  c l a s s ,  o r  o t h e r  
c lasses  o f  advanced I C B M  r e - e n t r y  v e h i c l e s .  
Work i s  n e a r i n g  comple t ion  on optimum des ign  
and l i n e a r  guidance law f o r m u l a t i o n  o f  e n t r y  v e h i c l e s  
f o r  guidance parameters and temperature accumulat ion 
a l o n g  optimum e n t r y  t r a j e c t o r i e s .  
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I C B M  C o n t r o l  Law Development 
have s t a r t e d  t o  y i e l d  some r a t h e r  fundamental and ap- 
p a r e n t l y  impor tant  r e s u l t s  i n  r e l a t i o n  t o  subopt imal I C B M  
c o n t r o l  law development (G.Kang) and a d a p t i v e  c o n t r o l  o f  
a t w o - p o i n t  boundary problem f o r  advanced I C B M  c o n t r o l  
u s i n g  s e n s i t i v i t y  f u n c t i o n s  (J.Watson).  
E f f o r t s  i n  recen t  months i n  t h i s  area o f  research  
F i l t e r i n g  Techniques i n  Advanced B a l l i s t i c  
M i s s i l e  Guidance and Con t ro l  
Non l i nea r  f i l t e r i n g  techniques a v o i d  t h e  n e c e s s i t y  
o f  c a r r y i n g  o u t  l i n e a r i z a t i o n s  and r e s u l t  i n  t h e  u l t i m a t e  
i n  system performance. The p o t e n t i a l  importance o f  r e s u l t s  
J.R. F i s h e r  has o b t a i n e d  i n  t h i s  area c o u l d  be a p p l i e d  i n  
a number o f  ways t o  advanced I C B M  performance and c o n t r o l .  
Max im iza t i on  o f  t h e  A t t a i n a b l e  Reaion f o r  a 
Maneuvering Re-entry  Veh ic le  
c o n t r o l  f u n c t i o n  i s  t o  be determined which a l l o w s  achieve-  
ment o f  t h e  l a r g e s t  p o s s i b l e  range o f  l a n d i n g  s i t e s  w i t h o u t  
exceeding t h e  imposed r e s t r i c t i o n s  a t  any t ime  d u r i n g  i t s  
fl i g h t .  C o n s i d e r a t i o n  must be g i v e n  t o  use of  t h r e e -  
d imensional  dynamic equa t ions  o f  f l i g h t  f o r  a tmospher ic  
r e - e n t r y  and maneuvering w i t h  s t a t e  v a r i a b l e  c o n s t r a i n t s ,  
i n c l u d i n g  a minimum a l l o w a b l e  v e l o c i t y ,  maximum heat ac- 
cumu la t i on ,  and an a c c e l e r a t i o n  bound so as n o t  t o  exceed 
s t r u c t u r a l  c a p a b i l i t i e s .  
For a g i ven  s e t  o f  r e - e n t r y  i n i t i a l  c o n d i t i o n s ,  a 
M u 1  t i l e v e l  T r a j e c t o r y  Opt i m i z a t  i on  
space systems appears t o  be a s y s t e m a t i c  way t o  a t t a c k  a 
v e r y  complex problem by decomposing b o t h  t h e  t r a j e c t o r y  
( t i m e )  and t h e  system ( 'state e q u a t i o n s ) ,  s o l v i n g  these 
s m a l l e r  problems and i t e r a t i v e l y  combining t h e  r e s u l t s  t o  
reach t h e  f i n a l  s o l u t i o n .  
M u l t i l e v e l  o p t i m i z a t i o n  as a p p l i e d  t o  b a l l i s t i c  and 
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E N G I N E E R I N G  RESEARCH SUPPORTED BY 
NsG 237-62  
Con t ro l  o f  Systems Whose C h a r a c t e r i s t i c s  Change 
Randomly a t  Random Times 
M .  Aoki  
Computer programs have been w r i t t e n  and used t o  
o b t a i n  performance e v a l u a t i o n s  o f  severa l  subopt imal 
c o n t r o l  p o l i c i e s .  A d d i t i o n a l  work i n  t h i s  area i s  
unde rway . 
High  Energy E lec t rodes  i n  Nonaqueous E l e c t r o l y t i c  S o l u t i o n s  
D .  Bennion 
Research i n  t h i s  area i s  d i v i d e d  i n t o  t h r e e  r e l a t e d  
p r o j e c t s ,  and i n v e s t i g a t i o n s  o f  new, nonaqueous e l e c t r o -  
l y t e s  for  p o s s i b l e  b a t t e r y  appl  i c a t i o n s  appear q u i t e  
p r e s s i n g .  Requirements f o r  such s o l u t i o n s  a re :  
( 1 )  H igh,  i o n i c  e l e c t r i c a l  c o n d u c t i v i t y ;  
( 2 )  S t a b i l  i t y  t o  r e d u c t i o n  by reduc ing  agents such 
( 3 )  S t a b i l i t y  t o  o x i d a t i o n  by o x i d i z i n g  agents 
( 4 )  L i q u i d  a t  near normal temperature and pressures ;  
( 5 )  Proper s o l u b i l i t y  c h a r a c t e r i s t i c s  w i t h  regard  t o  
proposed a c t i v e  e l e c t r o d e  m a t e r i a l s ;  
( 6 )  D e s i r a b l e  i n f l u e n c e  on t h e  chemical  r e a c t i o n s  
t a k i n g  p l a c e  a t  the  e l e c t r o d e  su r faces .  
The t h r e e  p r o j e c t s  underway a r e  d i r e c t e d  toward 
as meta l  1 i c  1 i t h i u m ;  
approach i n g  f 1 uor i ne  i n  r e a c t  i v i  t y  ; 
d e s c r i p t i o n  o f  these p r o p e r t i e s  f o r  v a r i o u s  e l e c t r o l y t e  
s o l u t i o n s .  
Su r face  Temperature Measurements on Sub1 imat i n g  Surfaces 
A .  Charwat 
Sys temat ic  t e s t s  on the  s p e c i a l  d i s t r i b u t i o n  o f  t h e  
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luminescence o f  20 samples a r e  i n  p r o g r e s s .  Based on 
temperature range and degree o f  d i s t o r t i o n  o f  t h e  spec- 
t rum w i t h  temperature,  a few i n d i c a t o r  m a t e r i a l s  w i l l  
be s e l e c t e d  f o r  t e s t  as aggregates i n  a body o f  smothered 
camphor . 
A t h e o r e t i c a l  a n a l y s i s  o f  t h e  t r a n s i e n t  response o f  
a b l a t i v e  m a t e r i a l  t o  a heat p u l s e  has been made t o  serve 
as a framework f o r  exper imenta l  v e r i f i c a t i o n  o f  t h i s  con- 
c e p t  o f  temperature measurement. 
Opposed-Jet D i f f u s i o n  Flame as a Tool f o r  Chemical 
K i n e t i c  S tud ies  
C .  Chu 
O b j e c t i v e s  o f  t h i s  p r o j e c t  a r e  t o  e x p l o i t  t h e  
opposed- je t  d i f f u s i o n  f lame as a t o o l  f o r  chemical 
k i n e t i c s  s t u d i e s ,  t o  extend i t  t o  some d i f f e r e n t  bu t  
r e l a t e d  geometr ies,  and t o  use i t  f o r  s tudy o f  v a r i o u s  
f u e l - o x i d a n t  combinat ions.  A burner  system i n c l u d i n g  
r e a c t a n t - s u p p l y  l i n e s  has been designed; upon comp le t i on  
o f  t h e  equipment, exper imenta l  work w i l l  beg in .  
M a t e r i a l  Shaping by E l e c t r o l y s i s  a t  High Current  D e n s i t i e s  
R .  Cole 
I n  o r d e r  t o  e s t a b l i s h  a mass and energy balance f o r  
t h e  h i g h  c u r r e n t  densi ty .  e lec t rochemica l  r e a c t i o n ,  i t  was 
necessary t o  des ign and b u i l d  an e l e c t r o n i c  coulometer t o  
measure t h e  t o t a l  e l e c t r i c a l  charge pass ing  th rough  t h e  
e l e c t r o d e s .  T h i s  inst rument  has been completed. 
ments i n  t h e  e l e c t r o d e  gap. Design and assembly o f  t h e  
t h r e e  channels f o r  s tudy o f  f l o w  i n  l a r g e  w i d t h - t o - d e p t h  
r a t i o  and s h o r t - l e n g t h  passes have been completed, as 
w e l l  as measurements o f  temperatures by means o f  thermo- 
couples even ly  spaced a long  t h e  gap l e n g t h .  
Work has c o n t i n u e d  on p ressu re  and temperature measure- 
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Work i s  i n  p rogress  on s o l v i n g  n u m e r i c a l l y  t h e  
Laplace equa t ion  f o r  c u r r e n t  d i s t r i b u t i o n  and comparing 
r e s u l t s  w i t h  t h e  exper imenta l  da ta .  
Two Aspects o f  t h e  I n f l u e n c e  o f  D i s s o l v e d  Hydrogen 
on t h e  Behavior o f  I r o n  and S t e e l  
~ ~~ 
A .  F lan igan  
Research con t inues  on t h e  e f f e c t  o f  i n t e r s t i t i a l  
hydrogen on d i scon t inuous  y i e l d i n g  i n  i r o n .  
Plasma S tud ies  on S o l i d s  and Microwave S tud ies  on 
Semiconductors 
W .  Hershberger 
Ind ium ant imon ide  i s  be ing  s t u d i e d  because i t  
e x h i b i t s  t h e  h i g h e s t  e l e c t r o n  m o b i l i t y  o f  any known 
semiconductor .  Research underway should y i e l d  impor tan t  
r e s u l t s  i n  t h e  near f u t u r e .  
Q u a n t i z a t i o n  Process o f  H y b r i d  Computation 
W.J. Ka rp lus  
The q u a n t i z a t i o n  process was examined i n  t h e  s p e c i f i c  
c o n t e x t  of h y b r i d  computat ion w i t h  t h e  aim of improv ing  t h e  
e t t i c i e n c y  o f  t h e  pruLess.  The p r ~ b l e m  space ~.*!ss p a r -  
t i t i o n e d  i n t o  t w o  c lasses ,  depending upon whether or  n o t  
t h e  s i g n a l s  t o  be quant ized  had s i g n i f i c a n t  i n te rsamp le  
c o r r e l a t i o n .  
R e s u l t s  o f  t h e  research i n d i c a t e  t h a t  s i g n i f i c a n t  
hardware sav ings  c o u l d  be o b t a i n e d  f rom t h e  appl  i c a t i o n  
o f  p r e d i c t i v e  q u a n t i z i n g  t o  h y b r i d  computat ions.  
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U l t i m a t e  S t r e n g t h  and St ress  F i e l d  o f  P l a t e s  and 
She1 1 s Under L a t e r a l  Pressure and Edge Compress i on  
T .  L i n  and J .Tay lo r  
Work on numer ica l  c a l c u l a t i o n s  i n  t h i s  area has 
cont inued and i s  n e a r i n g  comple t ion .  A f i n a l  r e p o r t  i s  
f o r t  hcom i n g . 
Low Dens i t v  Gas Dvnamics 
C .  L i u  
De te rm ina t ion  o f  t h e  drag  fo rce  and heat  t r a n s f e r  
exper ienced by a v e h i c l e  t r a v e l  i n g  i n  r a r e f i e d  atmosphere 
i s  t h e  main o b j e c t i v e  o f  t h i s  new p r o j e c t .  P r e l i m i n a r y  
r e s u l t s  f o r  f l o w  over  a c i r c u l a r  cy1 i nde r  have been 
v e r i f i e d  by t h r e e  independent exper iments and w i l l  be 
checked f u r t h e r  a g a i n s t  da ta  o b t a i n e d  from h i g h  a l t i t u d e  
sounding r o c k e t s .  
Determinat  ion  o f  t h e  Knoop Hardness o f  Tunqsten 
S i n g l e  C r y s t a l s  
J .  Neumann 
Two molybdenum-mounted Knoop inden to rs  have been 
rece ived,  t o  be used w i t h  t h e  h i g h  tempera ture  hardness 
t e s t e r  a t  Atomics I n t e r n a t i o n a l .  The equipment for  
t e s t i n g  t h e  hardness below room temperature had t o  be 
redesigned because o f  i n s u f f i c i e n t  c o o l i n g .  
I r r a d i a t i o n  S t reng then ing  o f  T i t a n i u m  and I t s  A l l o y s  
K .  Ono 
P r e p a r a t i o n  has been i n i t i a t e d  on t e n s i l e  spec i -  
mens, des ign  and c o n s t r u c t i o n  o f  an i r r a d i a t i o n  apparatus,  
and f a b r i c a t i o n  o f  j i g s  f o r  t e n s i l e  t e s t s .  
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I n f l u e n c e  o f  Tex tu re  on Fa t ique  o f  T i t a n i u m  and 
T i t a n i u m  A l l o v s  
D .  Rosenthal  
E f f o r t  has been d i r e c t e d  toward deve lop ing  g r a i n s  
i n  commerc ia l ly  a v a i l a b l e , f i n e - g r a i n  t i t a n i u m  sheets 
t h a t  a r e  l a r g e  enough f o r  study o f  t h e  o r i e n t a t i o n  e f f e c t s .  
s u i t a b l e  p o l i s h i n g  and e t c h i n g  techn iques  f o r  g r a i n  ob- 
s e r v a t i o n  o f  a c t u a l  f a t i g u e  specimens. 
A long w i t h  g r a i n - s i z e  s t u d i e s ,  work i s  underway on 
F i l amen t  M a t r i x  S t r u c t u r e s  
M .  F .  R u b i n s t e i n  
A model f o r  t e n s i l e  f r a c t u r e  o f  u n i d i r e c t i o n a l ,  
f i b e r - r e i n f o r c e d  composites has been developed. The 
f r a c t u r e  s t r e s s  p r e d i c t e d  by t h e  model agrees s a t i s f a c t o r i l y  
w i t h  observed va lues o f  b reak ing  s t r e n g t h .  The model 
p r e d i c t s  a r e d u c t i o n  o f  f r a c t u r e  s t r e s s  w i t h  s i z e  i n  
e x c e l l e n t  agreement w i t h  observed va lues .  M o d i f i c a t i o n  
o f  e x i s t i n g  fo rmulas  t o  account f o r  t h e  p r o p o r t i o n  o f  
s t r a i n  energy i n  f i b e r  and t h a t  i n  m a t r i x  has r e s u l t e d  
i n  c a l c u l a t e d  f r a c t u r e  s t resses  i n  compression which a r e  
i n  good agreement w i t h  observed va lues  and modes o f  
f r a c t u r e .  
> 
I n v e s t i g a t i o n  o f  U l t r a s o n i c  Propagat ion  i n  
Ferromaanet ic  M a t e r i a l s  
R .  S te rn  
U l t r a s o n i c  p ropagat ion  i n  fe r romagne t i c  m a t e r i a l s ,  
p r i m a r i l y  as a f u n c t i o n  o f  a p p l i e d  u n i a x i a l  and hydro- 
s t a t i c  s t r e s s ,  i s  be ing  s t u d i e d .  Pi-el im inary  measure- 
ments o f  t h e  a t t e n u a t i o n  o f  sound i n  n i c k e l  as a f u n c t i o n  
o f  u n i a x i a l  s t r e s s  a r e  underway. 
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Automat ic  Synthes is  of  Sw i t ch ing  Networks 
A .  Svoboda 
Research a c t i v i t y  has been d i r e c t e d  toward prepara-  
t i o n  o f  a s e t  o f  programs as p a r t  o f  t h e  " Implementer"  
p r o j e c t .  The u l t i m a t e  goal  i s  t o  achieve au tomat ic  
s y n t h e s i s  o f  s w i t c h i n g  networks under w i d e l y  s p e c i f i e d  
c o n s t r a i n t s .  To e f f e c t  t h i s  goa l ,  a program f o r  min imiza-  
t i o n  and a program f o r  t h e  s o l u t i o n  o f  Boolean equa t ions  
have been prepared.  
Development o f  F a r - I n f r a r e d  Superconduct ing Photodetec tor  
T .  Tao 
Two impor tan t  improvements have been made i n  t h i n -  
f i l m  s t u d i e s :  comp e t i o n  o f  a much b e t t e r  vacuum t h i n -  
f i l m  e v a p o r a t i o n  un t and development o f  a much improved 
procedure f o r  depos t i n g  a t h i n  i n s u l a t i n g  l a y e r  between 
semiconductor and superconductor .  C o n s t r u c t i o n  con t inues  
on t h e  f a r - i n f r a r e d  f a c i l i t i e s .  
Surface-Wave Propagat ion Along a Bounded Qu iescen t  
Cesium Plasma Column 
T .  Tao 
The s u r f a c e  waves on  a f e r r i i e  i-od Ir; x b s n d  
f requenc ies  have been under i n v e s t i g a t i o n .  I t  i s  hoped 
t h a t  exper ience gained i n  these s t u d i e s  can be a p p l i e d  
t o  plasma su r face  waves. 
A n a l y t i c a l  Methods f o r  the Optimum Design o f  S t r u c t u r e s  
J .  T a y l o r  
E f f o r t  has been d i r e c t e d  t o  a s tudy  o f  t h e  form 
and p o t e n t i a l  f o r  development o f  energy express ions  f o r  
t h e  o p t i m i z a t i o n  o f  s imple s t r u c t u r e s .  C e r t a i n  energy 
forms o f  o p t i m i z a t i o n  c o n s t r a i n t  have been i n t e r p r e t e d  
-55 -  
i n  terms o f  t h e i r  p h y s i c a l  s i g n i f i c a n c e .  
S p i n - L a t t i c e  R e l a x a t i o n  T i m e  Measurement i n  
Laser-Maser M a t e r i a l s  
C .  Viswanathan 
C o n s t r u c t i o n  and t e s t i n g  o f  equipment have proceeded. 
The new power supp ly  performed q u i t e  w e l l  w i t h  t h e  magnet, 
and t h e  modu la t i on  c o i l s  were mounted and p u t  i n  o p e r a t i o n .  
A sweep u n i t  was cons t ruc ted  t o  s l o w l y  sweep the  magnet ic  
f i e l d .  An a d d i t i o n a l  dewar f o r  use i n  o p t i c a l  measure- 
ments has been added t o  t h e  c r y o g e n i c  system. A super-  
heterodyne microwave r e c e i v e r  w i t h  e x c e l l e n t  s t a b i l i t y  
c h a r a c t e r i s t i c s  i s  now o p e r a t i v e .  The l o c k - i n  amp1 i f i e r  
and reco rde r  which a r e  bas i c  p a r t s  o f  t h e  e l e c t r o n i c  
system have been connected t o g e t h e r  and work w e l l .  
and t w o  c o n t r o l  batches have been evaporated for  com- 
p a r a t  i v e  t e s t s .  
Severa l  c r y s t a l s  o f  s u i t a b l e  s i z e  have been ob ta ined ,  
C a p i l l a r y .  Pressure on Magnet ic I n t e r a c t i o n s  i n  M e t a l s  
W .  Van Vorst  
The techn ique employed f o r  d e t e r m i n a t i o n  o f  1 i q u i d  
s a t u r a t i o n  i n  a porous medium has proved t o  be r e l i a b l e  
and p r a c t i c a l .  C a p i l l a r y - p r e s s u r e  f u n c t i o n  i s  be ing  
de termined f o r  seve ra l  p a r t i c l e  s i z e s .  
E f f e c t  o f  Pressure Upon the  Magnet ic  I n t e r a c t i o n s  o f  
M e t a l s  
A .  Wazzan 
An e x t e n s i v e  program o f  research  on t h e  e f f e c t  o f  
p r e s s u r e  on t h e  magnet ic  i n t e r a c t i o n s  i n  some r a r e  e a r t h  
elements and a l l o y s  i s  underway. 
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Human Performance i n  Adverse Environments 
G .  Weltman, G .  Egstrom 
A t t e n t i o n  i s  be ing  focused on changes i n  scope of 
a t t e n t i o n  which r e p o r t e d l y  accompany e a r l y  exper iences 
w i t h  pe rsona l ,  1 i f e - s u p p o r t  gear i n  dangerous e n v i r o n -  
ments. The exper iment  i nvo l ves  a s s i g n i n g  beg inn ing  SCUBA 
d i v e r s  t h r e e  v a r i a n t s  o f  a dual  t a s k  and de te rm in ing  
whether t h e  p e r i p h e r a l  response t ime  lengthens as t h e  
s u b j e c t s  move f r o m  a i r  t o  the  r e l a t i v e l y  comfo r tab le ,  
m i l d l y  dangerous open ocean. 
S O C I A L  S C I E N C E S  
U T I L I Z A T I O N  OF AEROSPACE TECHNOLOGY 
I N  FUTURE AUTOMOTIVE ENGINEERING 
NsG 237-62 
G .  Hoffman 
The o b j e c t i v e s  o f  t h i s  s tudy  a r e  t o  f o r e c a s t  some 
of t h e  au tomot i ve  e n g i n e e r i n g  advances and i n n o v a t i o n s  
t h a t  m i g h t  occu r  i n  t h e  nex t  20-30 yea rs  based on deve lop-  
ments w i t h i n  aerospace programs, t o  i n v e s t i g a t e  a l t e r n a t i v e s  
t o  t h e  i n t e r n a l  combust ion engine,  and t o  de termine 
socioeconomic imp1 i c a t  ions  o f  these au tomot i ve  innova- 
t i o n s  w i t h  rega rd  t o  t h e  abatement o f  a i r  p o l l u t i o n ,  
b e t t e r  i n d i v i d u a l  t r a n s p o r t a t  ion,  and resource  conserva- 
t i o n .  
- 57-  
B U S I N E S S  A D M I N I S T R A T I  
MANAGERIAL METHODS OF SUCCESSFUL 
PROJECT MANAGERS WITH A LOOSE R E I N  
NsG 237-62  
G . A .  S t e i n e r ,  W . G .  Ryan 
O N  
Basic  manager ia l  ph i l osoph ,es ,  p r i n c i p l e s ,  and 
p r a c t i c e s  of  15 p r o j e c t  managers i n  t h e  aerospace i n -  
d u s t r y  were i n v e s t i g a t e d .  A 1  1 ope ra ted  i n  t h e  research  
and development phase, and a l l  were h i g h l y  success fu l  
i n  p roduc ing  a s u p e r i o r  t e c h n i c a l  p roduc t  a t  a minimum 
o f  t i m e  and c o s t .  
The major  conc lus ion  o f  t h e  s tudy  i s  t h a t  more loose-  
r e i n  arrangements should be made by government agencies.  
Impor tan t  b e n e f i t s  can accrue t o  t h e  government f r o m  
a p p l i c a t i o n  o f  t h i s  technique i n  f a i r l y  l a r g e  and complex 
research  and development programs i n  terms o f  s u p e r i o r  
t e c h n i c a l  p roduc t  a t  lower c o s t  and i n  l e s s  t i m e .  
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